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OP 



GREAT-BRITAIJ^, 



IN TRACTS. 



BY MR. LANGWORTHY. 




ANALYSIS OF TRACT I. 



Detiication, Introduflion, and Plan of the work. 

Of the produflion, manufadlures, and modes of 
confumption of Copper, Brafs, Tin, Iron, and 
Lead, in Great -Britain. 

Of partialities that have obtained, in fome Manu- 
factures of Metals, employing but few hands, 
to the depreilion and injury of others employing 
more hands, and of much greater importance 
to the general intercds of the community. 

Of the modem extravagant modes of confuming 
Copper, and firft by Ship-fheathing. 

Of the immenfe monopolies of Copper which that 
confumption has induced and encouraged. 

Of the effe^s which fuch confumption and mono- 
polies have had on the Brafs Manufa6lories, and 
on the oeconomy and expenditures of the Navy 
of Great-Britain. 

Of the Mines of Cornwall and Anglefea, the in- 
trigues of the Monopolies of Copper, the dan- 
gers to be apprehended to our Metallic Trade, 
from the prefent precarious ftate of Copper- 
Mining, and of the moft effedtual means of avert- 
ing thofe dangers. 

Of opening new Mines for Copper, and propofals 
of a more general, impartial and eifeCtive fpint 
of enterprize in mining. 

General hiftory of flicathing Ships, with details of 
fafts refpefting the uicfHcacy of Copper-flieathing, 
and refpe^ing Ships thai have foundered from 
the inefficacy of Copper, in Bolt», Nails, Rudder- 
works, Sec. 

Impartial view of the advantages and difadvantages 
of copper, in various purpofes to which it is now 
commonly applied. 
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Of the methods hitherto ufcd to prevent Corrofion 
in Metals, and the Author's improvements in 
confcquence of fafts afcertained and hints pro- 
pofed by Dr. Watson in his Chemical Eflays. 

The fuperiority of the Author's faid improvements 
over every mode of refilling Metallic Corrofion s 
hitherto known, and a detail of experiments made 
under the directions of the Lords of the Admi- 
ralty, Mailer- General of the Ordnance, OfHcers 
of the Navy and Army, Merchants, &c. with 
their refpeClive coirefpondences, certificates, and 
other documents demonflrating that fuperiority. 

Reafons for abolifhing the ufc of Copper, in divers 
purpofes, in which it is now milapplied and 
wafted J for fubllituting the Author's prepared 
Anti-corrofive or Blanched Iron,efpecially in the 
metallic works of Ships, Ship-flieathing, civil 
ArchiteClure, and Culinary VelTels, and for ap- 
plying it to Fire-arms. 

Comparative view of the advantages of unquali- 
fied Iron with thole ot Copper hi Naval Archi- 
tcChire, and decifive fuperiority of the prepared 
Anti-corrofion, or Blanched Iron, to both. 

Calculations of the comparative expence of Copper 
and of the Anti-corrofion Iron in the flruCluie of 
a 74-gun Ship, and the aggregate laving on the 
whole Britifh Navy demonflratcd therefrom. 

Reafons for an immediate and general fubflitution 
of the Author's peculiar preparations of Iron, in 
preference to any other now extant, for all culi- 
nary vefTels neceflarily made of Metal. 

Of the eflablifhment of a Manufactory of the Anti- 
corrofion or Blanched Iron and the pbns adopted 
to give full effect to the defign. 
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HARVARD 

UN!VL-R'?I7Y 

LIB'ARY 



TO THE 



RIGHT HONOURABLE- WILLIAM PITT. 



Sir! 

nPHE following fheets contain fomc truths, that I apprehend 
may be made the means of benefiting my country; it is there- 
fore both my duty and my inclination to make an offering of them to 
you. They profefs the intention of promoting the commercial intereft4 
of Great-Britain, — Who has fo ftrong a claim to them as that ftateSf- 
man, under whofe influence thofe interefts have flourifhed and increafed 
beyond all hiftorical example! They pretend to patnofifm;^y¥iio will 
charge him with flattery that fays, it is a virtue emphatically your own; 
congenial to your very name — a virtue whole flame has, in your illuf- 
trious houfe, afcended with equal fl:eadinefs and ardour, whether expofed 
to the intemperate clamours of popular phrenzy, or the cooler infolence 
of difappointed pride'^ ^ ^ ^^ 

The refpediable libellers by whom you have fo often the honour to 
be perfonally charged with every phyfical, as well as political evil, that 
exifts or is fancied to exifl: in the nation, have aflerted that the bank- 
ruptcies, which have of late been fo frequent, indicate that, under your 



* For fome fxnall inflance of my love for my country, fee page 141 and the appendix. 
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adminiftration, the riches and credit of this country have been reduced 

When thefe politicians have demonftrated how a great nation fhall 
have exaSlly as much credit, and exaBly as much liberty as it wants, 
and no tnore^ that is to fay, exaflly as much perfeSf credit as it wants, 
without the leaft tinfture of falfe credit, and exaftly as much liberty 
without the leaft contamination of licentioufnefs^ I will admit that you 
have wanted the perfeflion at which a minifter may arrive; but 
until that time, they will excufe me if I believe, that our late trading 
and commercial failures have, in general, arifen, not from poverty^ but 
from an overgrown credit^ that has -fhot out in every direftion from 
the luxuriant ftock of our national wealth ; and that the profligate 
libels of the day, fo far from indicating that we have no liberty , precifely 
prove that we have too much. 



*< A cityTt|^|^Bi28SMip80K^^ ^ ^'^P> ^^^ divifions are the leaks, 
*^ through which, while the mariners fight one with another, the water 
" enters and drowns all : the wife pilot, who fteers, ought to ftop thofe 
" leaks, and make up the breaches of divifion; and referve himfelf, 
" without trufting any other for the helm, and efpecially not to place 
^* there any capricious heads or fadtious fpirits j but of all things to be 
*' fure to keep himfelf lord and patron of the vefTeL" 
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May you continue to aft up to the fpirit of this maxim — may your 
great and . comprehenfive views be purfued with full effefl, unimpeded 
by the violence and mutability of contending parties — unfruftrated by 
the fermentation and malignities of difafFefted factions, 

I have the honour to be, Sir, 

Your moft obedient, 

and moft faithful fervant. 



Bath^ Sept. 3^, 1793. 



WILLIAM LANGWORTHY. 
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ADVERTISfiMENt. 



THE* publication of this Trad has been delayed by fome 
difficulties, which prevented the eftablilhment of the Blanched Irpn 
Company, and the arrangements neceflary to give efFeft to the defign of 
the work. 

The Author is happy to add, that Mr. Cranch, the gentleman whofd 
death is lamented in a note (page no) recovered from his illnefs; and, as 
it would be attended with much inconvenience to rcfcind the note, he hopes 
Mr. Cranch will forgive him for publifliing it, 

X 

t 

February ift, 1794. 
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AFTER spending half a million a year in getting Copper out of the bmvels of the earthy we cabnfy 
look on while half of it is wasted in the sea^ in coppering shipSy Wr. otuI in other extravagoftty. 
pemiciousy and absurd modes of application -y as if this rich metal were as generative as cresses i. 
or as if the consumption of it might be supplied^ like annual plant Sy by certain. and successive pro^ 
dultim : The consequences arcy that an immense proportion of copper is (to every useful purpose) 
daily annihilatingy our shipping is destroyed^ and our metallic k manufaSfures are depressed and ruined^ 

As the Kingy the Lordsy and the Commonsy are the members of our excellent PoUtscal Constitu- 
tion\ so the Mimry the ManufaSlureryCmd the Merchanty may be considered as the constituents of our 
Metallick Commerce • To preserve that balance which alone can insure permanency y as well as ge-^ 
nenal fuccess to this commerccy the interest of each constituent must be relative and reciprocali 
and as the genius of the political constitution extends equal right and equal proteSiion to every sub^ 
jeSl of the statCy from the highest to the lowesty so the ceconomy of every metallick produilion in our 
countryy and of every several manufaSiurey tradcy and commercey resulting from ity should be equally 
and impartially the objeH of political discipline^ proteiliouy and encouragement. 



The reader is rcqucftcd to correft with his pen Che three following Errata, as they affeA 
the fenfe: 

Page 7%f line X2, inilead of itreU •peribm^ read rum auget. 

page 75, line 7, for twcnij xtaA /event j. 

jSame page, fubnote^ line 3 from the bottom, for or read on. 
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ATTEMPT 



TO PROMOTE THE COMMERCIAL INTERESTS 

OF GREAT-BRITAIN. 



INTRODUCTION, and PLAN of the WORK. 



TN the prefent period of extending intercourfe, and of commercial 
rivalry, every invention or hint, that may enable us to maintain the 
advantages we have gained in the common career of nations, will doubts 
lefs be received with candour. 

Ambition of conqueft begins, every where, to give way to the pur- 
fuit of gsun, now generally confidered as the grand intereft of dates, 
while widely-extended dominions are compared to garrifims on too large 
a (bale, which cannot long be defended againft a ^gilant, vigorous, and 
a^ve enemy, deriving the means of war from the arts of peace. 
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Local fituation, fuperior induftry, commercial habits, and great 
wealthy at prefent give a decided pre-eminence to the Britifh Mer- 
chant, on the great theatre of trade and navigation of the prefent mo- 
ment. But, there are other countries highly favoured in refpeft of 
fituation ; and the fpirit of liberty, rifing in other parts of Europe, will 
eventually induce commercial habits ; and commercial habits will, in 
the natural courfe of things, produce fortunes that will enable their 
pofleflbrs to undertake as extenfive concerns, and give as long credits^ 
as any that can fpring from the fame fources in this ifland. One fource 
of fuperiority, however, is more efpecially our own — belongs to us in 
the charafter acknowledged to be peculiarly ours by the greateft wits 
of foreign countries* — and may be expefted to be enjoyed by us longer,, 
and in a higher degree, than by any of our neighbours ; as being of a 
more fpiritual, and confequently of a lefs changeable nature than any 
of thofe juft mentioned, depending upon operations of the mind, not 
to be controlled by the accidents of fortune — upbn aflbciations of ideas 
and combinations of principles, or powers, without end. 

Mechanical Invention is now, and mav continue to be, a fertile 
fource of improvements to the Britifh manufafturer and merchant, as 
well as to the nation at large, even after other ftates and kingdoms (hall 
have, in their progrefs towards a ftate of civil liberty, raifed thcmfelves 
to a level with us in the fcalc of comparative advantages in general. 

Mechanical 



" The finglilh are a nation of philofophers." Voltaire. 
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Medi^nkal Invention isaiidid that can never be exhaufted; nor 
nsduced, like overwrought land, to a caput mortuuniy by the ftrongeft 
excitement ot fermentation. On the contrary, each new difcovery 
prepares the way for another, by prefenting more and more points of 
comparifon, as well as fubjefls of obfervationj by leading us, as it were 
by the hand, to the happieft modes of analylis, and by enlarging the 
circle of analogies, which may fuggeft hints for farther and farther in- 
veftigation ; fo that a man of the prefent times may, without prefomp- 
tion, hope to improve progreflively on the inventions of his predecefibrs» 
in as much as he poffeffes a greater power of inftrumentality, as well as 
a wider field of obfervation: and it may not be vain to hope that future 
ages will, in the like progreffion, improve upon. the inventions of the 
prefent and the paft. Therefore, whild^ common (not to fay vulgar) 
induftry may enliven and croud the fhores of America, Ireland, the Ne- 
therlands, France, and Spain, mechanical invention may yet prolong 
the prefent general fuperiority of Great-Britain to diftant ages. 

The Mechanical Inventions, that have been produced within thefc 
laft fixty years, have given more life and vigour to the manufa6hires, 
trade, and commerce, of this kingdom, than they had received for cen- 
turies before. 



It is thefe chiefly ^at have raifed, and muft raife, the value of our 
natural productions, and are the chief fupport of the landed intereft; 
they have continued the exiftence of trade, under the preflure of wars 
and enormous taxes j and it is to thefe principally, among other 

B 2 improve- 
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improvements, that we are to look for falvation from die di£i{(er^ 
which muft otherwife accrue from io enormous an acounulation of 
national debt.* 

In the countenance and the patronage, therefore, of a generous pub- 
lie, the author of this eflay hopes to find a coxmterbalance to the manjr 
difiiculties which he has to encounter, who attempts to bring forward - 
any new invention or propofal, whatever may be its nature, or its; 
advants^es to the conunumty* 

What is the ufiial fate of a prcge6lor? After multiplied experimentsi 
he furmoxmts many phftacles g( a phyfical nature, and by imwearied 
induftiy and perfeverance, feds as it were his way to his end or olgeft. 
His problem folved, and his difcovery feirly made and eflablifhed, he 
has yet to contend with moral difficulties, in the intereft, real or ima- 
gined, of one clafs of men; the ignorance and prejudice of a fecond, 
and the jealoufy and envy, perhaps of a third ; in fo much, that he is. 
often (after fpending his laft (hilling on his invention) reduced to the 
neceffity of fhrinking from his undertaking, with vexation and diigracer 
and hiding his face from the fcom of the world. 

But^ 

^ It has been faid, that the national debt amounts to nearly the value of the foil of Great*^ 
Britain. The land-tax, therefore, can never pay cither the debt or intereft. To what then 
are we to look for thefe, but to our manufadures and trade, improved and extended by the 
ingenuity and induftry of our inhabitants. Tlie Chancellor of the Exchequer, in the year 
1786, in his fpeech on the treaty of navigation and conunerce widi France, jQud, ^at out of 
every (hilling expended for labour in manufadures, four-pence entered the Exchequer in taxes. 
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But^ in the prefent*enlightened and liberal age, the author of the eon* 
trivances whidi are the ful:ge£l: of the following (heets, which are in- 
tended to remedy the prefent alarming fcarcity and dearth of coppsr 
METALS, and in yarious refpe£ls> to fecure the purpo(es of health, con* 
venience and comfort, a^ well as to promote, in an unbomxded extent, 

the GRAND COMMERCIAL AND POLITICAL INTEREST OF GrEAT-BrI- 

TAIN is encouraged to hope for a better fate* For, in proportion as an: 
age is enlightened, men entertain expanded views, and approximate and 
combine things, by a more extended, as well as fubde bond of union. 
They can diftinguifh the links in a chain of neceflary conneftion, from' 
the vagaries of overheated imagination,^ the fummits of diftant moun<^ 
tains from clouds*^ 



THOUGHTS ON THE IMPORTANCE OF BRITISH MANUFACTURES TO THE STATS'^ 

AND ON WHAT THEIR SUCCESS CHIEFLY DEPENDS. 



TAOCTOR CAMPBELL, in his Political Survey, and other writers, 
have fhewn, with great truth ahd patriotic exultation, that 
Great-Britain, moft happily fituated for commerce and naval 
power, and pofTeffing the command of colonies, wafte-lands, feas,. 
harbours, navigable rivers and lakes, has not yet come near to the 
iiunmit of her improvement ^ but has ftill a wide field for advance* 

ment 
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ment in national weallth and gmnd^^r. But h is iiot the iijiprove- 
ability of foil, or the extenfion of agriculture, ftftunig md aaWga- 
tion, that are the only, or, perhaps, the piinpip^ iap^r):s of BxidQx 
importance. 

She has fKH a fiil^cft of greater and more animating hope in the 
improveahility of art, — in tiie progrefs of fcience, w^ch enlarges the 
dominion of man iover the works .of nature, — m the application c^ thofe 
fuperior powers of invention, by which £he is (o honourably diftin- 
guifhed, to the various purpofes of manufa6lure, for converting the 
produ6Hons of the foil into all the ' convenieaces and comforts of 
life; and appropriating tbing^i which are the gift of GOD, to their 
proper and moft advantageous tifes for the fervice of Man. 

It is, if I may be allowed the expreffion, the perfonal^ and not 
the real eftate of Great- Britain, that is the fupport of her magnifi- 
cence. It is not in her lands, but in her manufaflures, her trade, 
and naval commerce, in the induftry of her inhabitants, that her riches 
chiefly lie. It is not that her vegetable, animal, or mineral produc- 
tions are, in themfelves, of any very material value; it is the labour 
of the people that renders them fo. If our wool and our hides, as 
they are (horn and flripped from the backs of the animals that pro- 
duce them; — if our iron, copper, tin and lead ores, as they are dug 
from the mines; — if the cotton, the flax, and hemp, the produ6lions of 
our colonies and of the mother country, were fent to foreign markets 
in their crude ftate, how trifling would be their returns ! But when, 

by 
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by the application of the arts and fciences, and the ingenuity and 
induftry of the people, they are converted into cloths, leather, and 
metals; and thefe again are wrought into the various fpecific forms 
of which they are refpeflively fufceptible, for the ufe and accommo- 
dation of mankind, then how prodigious are thdr returns ! 

It feems then to be the intereft, as well as the duty, of the^ governing 
power of fuch a ftate, to be conftantly dire6Ung the ingenuity of her 
inhabitants to the difcovery of means to increafe the value of her crude 
produftions, and in finding out few: each the purpofes it feems beft cal- 
culated to anfwer; and, as occafion fhall require, to enafl laws for pro- 
.viding that fuch commodities as are capable of being increafed in value 
by manufafture, fhould not be confiimed in an unmanufactured ftate 
at home, when others, lefs capable of improvement, will anfwer as. 
well ; and that fuch commodities fhould alfo be carried to the higheft 
pitch of improvement and v^sdue, that we are capable of giving them, 
befbre they are fuffered to be ftnt to any foreign market. Let us apply 
this do^lrine to metals that are the natural produft of Great-Britain. 

Iron, copper, tin, and lead, are the prinfcipal. The frrft is pro- 
duced in fo great a Quantity, in Englandy and moft countries of Europe^ 
that there is no danger of its being exhaiifted: the produftion of the 
fecondjin England, is precarious: that of the third is confined to fmalL 
portions: of Cornwall and Devonfhire; and the fourth is fufficiently> 
abundant in various parts of the kingdom. 



The 
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The firft and fecond are capable of great improvement by manufac* 
tore: the third b eQential, among many other purpofes, to thofe of 
health; and the laft may be rendered confiderably more important thaa 
it is, by bdng applied to many of the purpofes to which the fecond 
and third are at prefent miiapplied. 

Iron^ in the mafs, if of very little value, not ^a halfpenny per pound 
weight; when wroi^ht into bajcs it is worth three-half pence; con«- 
verted into ileel» and wrought into buckles, buttons, razors, trinkets, 
&c. It is increaied to every degree of value from four-pence to three 
hundred pounds fterling;* but, fo plentiful is this metal, that we (till 
wirfi fafety apply it to articles of the moft lavifti confumption, alid of 
the leaft'intrinfic worth, without endangering the interefts of the more 
elaborate manufa£hires. 

« 

Copper, in a (imilar (bte, that is* in the mafs, is much more valu* 
able, becaufe it is much more fcarce. It is, at this time, worth one 
ihilling per pound; when manufa£hired into flieets for working up 
into furaaces, boilers, culinary vefTelSt (heathing for (hips, cover- 
ings for buildings, &c. it (ells for tbirteen-pence per pound; but 
when converted into brafs, pinchbecks, ice. and wrought into buckles, 
buttons, trinkets, wheels for machines, clocks, watches, &c. 6cc. it is 
increa(ed to— from five to five hundred times its original value. 



H 
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: . Tin, by any mode of mannfeftutc with which we Tare ^t |nrefent 
acquainted, cannot be increafed to above three times its worth in fhb 
unmanu£a£liired ftate. 

Lead is fo incapable ^f improvefflent, that, ih any ftate, it i« fi6t 
-worth more than two-pence per pounds 

It feems then to be an effential part of oih: political deconomy tX) 
cheriih and promote, as much as poffiWe, the manufadtures dF W^c- 
xrlesfield, Sheffield, and Birmingham ; and, in ihort, every pkce and 
circumftance which may tend to increafe the value of our crude iron 
and copper by manufafture; but ihe manufafkifcis of cc^per (fo dfien- 
tial a material in all our moft valuable mixed metals) appear ^to ^- 
mand a moft elpecial attention : it fhould be the objeft of padiameilt 
to caufe this metal to be aj^lied to as few purpofes as pofliUe, in the 
mafs, or in fheets, or other large quantities; and to no purpofe what- 
-ever that may be anfwered by metals more plentifully produced, lefs 
capable of improvement by manufafture, and which, confequentlyi 
can be better fpared for purpoles of great coniumption : and, as there 
are in fome parts or other of the world markets always open for the 
reception of fuch manafa6hines, they only want to be increafed to add 
to the riches of which they arc atprefent the fbufCcs. 

The permanent fuccds of our manufi£i61ur^ depends tnoft imme* 
^diately and eflentially on a conftant and regular fupply of fuch Crude 

c commodities 
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commodities as arc made ufe of in them ; and that fupply can only he 
kept up by wife and judicious regulations of the exports and imports, 
and by ceconomy in the application and confumption of fuch omimo- 
dities : for, if by any inevitable national calamity, or, as it often hap- 
^>ens, by the ielfifhnefs of individuals, the manufa£lurers be deprived 
but for a fliort time of the materials neceflary to their manufafturc, 
they receive fuch fhocks as the induftry of years cannot recover. And,, 
fhould the deprivation continue, the manufafturers fteal infenfibly^ 
away to other countries, eftablifh th^ir manufaflures there^ and raile 
ruinous competitiona with thofe who remain at home« 

If this be true, and if Ae prolperity of dreat-Britain. depend ehiefl^ 
on the fuccefs of her manufactures, it is the duty of the Britlfh hegiC- 
latUFe to watch thcfe objefts with the greateft care smd moft inceffaat 
attention ; yet it happens that they are in fome important inftancos 
totally neglefted^ This is efpecially true with refpe£l ta the exporta- 
tion and wafte of metal s in^ general, but particularly copper. The* 
prefent extravagantly high price of copper, together widi the unfati^- 
ficd demands that are made for it by the brafs-makers and workers in 
metals, and the prefent precarious ftate of our principal copper mines,, 
is become trvdy alarming, and calls for the immediate, attention, amt 
interference of the legiflature^ 

Though Copper is the bafis^ or principal ingredient, of our moflf- 
valuable coloured mixed-metals, brafs, gun-metal^ bell-metal,, pot« 

metal. 
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metal, fpeculum-metal, prince's-metal, pinchbecks, and all the variety 
of thofe compounds which conftitute our metallic trade, and without 
which that trade muft foon be loft; yet there is not one fmgle law in 
exiftence to regulate the exportation of copper, or the mode of con- 
fuming it: in confequence of this it has been left to a fet of indivi- 
duals to monopolize and manage the price of it as they pleafed; and 
they have fo availed themfelves of this opportunity, that, unlefs fome 
very fpeedy and efFe£hial fteps be taken to counteraft the efFefts of 
their praftices, the confequences to this country may, in a fhort time, 
be as ruinous as they are at prefent alarming. From the contrivances ' 
of thefe men, this important article has, within a few years, nearly 
doubled its price; and though our mines in Cornwall ftill produce it 
in great abundance, yet fo greatly iiKreafed are our metallic manufac- 
tures, that the brafs-makers, and other metallurgifts, who ufe it in 
their compofitions, have been thrown into difficulties which many of 
them have not been able to furmount. As this high price, and this 
fceming fcarcity, are thus injurious to the manufafturer, it becomes 
neceffary to inveftigate the fubjeft, that, by difcovering the caufe, we 
may invent and confider how to apply a remedy. 

It is an incontrovertible polition, that the advance in price of any 
article of trade is, in general, occafioned by a fcarcity of fuch article; 
and, in articles of trade and traffic, there are two kinds of fcarcity, — 
arftf/one, and an artificial one; — a real fcarcity, brought about by a 
failure in the produ6tion, or an extravagance in the ufe of fuch articles; 

c 2 an 



an artificial fcarcity, occafioned by a inonop<^y of rfiemj—each, to Ae 
ftatei equally injurious in its tendency, though not equally capable of- 
corre6Uon; the one arifing^from * deficiency in nature,, the other fronb 
the iniquity of man. 

* 

In otdfer to diftover to which of thefc cau{es we may attribute tfe* 
prefeht high price and apparent fcarcity of copper, it wiU be nectflkry 
to know the ftate of our copper mines, the quantity of copper they 
have annually produced for a few years paft, their prefent produftioni 
and fituation, and the manner in which this produ£Vion is and ha&been» 
di^>ofed of. In order tothis^ I fhall firft take. 



A* CONCISE VIEW OF THE RISE, PROGRESSi AND PRBSENT STATE OF THE 

COPPER MINES OF GREAT-BRITAIN. 



/CORNWALL and Wales are the only parts of the Britifti domi- 
^^ nions, except a finall portion of StafFordfhire and Derbyfliire, iiii 
which copper has for many years p^ been plentifully produced; but,, 
'till the difcovery of the great bed of ore in the Paris-mountain mine, 
in the ifle of Anglefea, about fifteen years ago, no great quantity was 
produced in Wales. 
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In tlie county of Cornwall, copper ore is fo deeply fecreted in the 
bowels of the earth, that *till the application of hydraulics, and mecha- 
nic philofophy, to minirig for tin, ih that part of the world, it was 
known nothing of; fi> that, notwithftanding the fertility of this county 
in this metal, it was never celebrated for the production of it until • 
within the prefcnt century. 

In the reign of Ring James Ae firflr, howevo*, Norden, in his 
^ Survey of Cormvally' intimates that there were rich copper mines ia 
that county, and that their worth was extenuated by private pryers 
into the fecret, and covertly followed for their own gain: and Carew, 
fo long ago as the reign of Queen Elizabeth, makes afimilar ob- 
fervation. 

* 

I can find no account of the manner how the knowledge of this ore* 
firft got into Cornwall, or in what particular fpot it was firft dif- 
covered. Indeed, under the circumftances of the fccrecy with which 
the firft adventurers upon it condufted themfelves, it muft at any time 
have been difficult to get at it,, nof is it material to my purpofe. 

There is no doubt, however, that it was met with in working tiw 
mines long before it was known by the miners to be valuable. No- 
longer ago than the beginning of the prefent century, thoufands of 
tons of it were thrown into the fea as a ufelefs mineral, which the- 
miners called poder^ And long fince that time forae gentlemen front 

Briftol 
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Briftol got among the mines and bouglit the ore for about two ^unds 
ten (hillings per tons and it was not 'till the Brafs-wire and Englifh 
Copper-Companies were oppofed i>y others, that the miners had any 
fort of idea of tlie worth of this metal. About feventy years ago 
there were three mines, very produflive, in the parifhes of Ludgvan, 
Camborne, and Illugan, and the Copper- Companies confederated and 
bought the ores at their own price, 'till a gentleman from Wales op- 
pofed them and railed the price to feven pounds per ton. Soon after 
which, upon the plan of tixiketing being introduced, it rx>fe to nine 
pounds per ton. 



Copi>ER IS not often wrought, in very great abundance, in the mines 
in Cbmwall, until they are funk below the depth of fifty, and draw on 
towards an hundred fathoms; and it unfortunately happens, that the 
ores of moft mines, both of tin and copper, are richer in quality near the 
furfacCj and grow poorer in quality in proportion to their depth and 
the enlargement of their lodes or veins.* On which account new 
mines are attended with lefs expence, and though lefs produ6tive of 
ores than when funk deeper, yet, from the richnefe of what they do 
produce, and the facility of getting that produce, the adventurers in 
general are pretty amply rewarded* 



^ Some miners, who oonfider themfelves pretty intelligent In the fcience of mining, with whom I have 
lately cooverfed, have doubted this; but I rather think that their doubts srife not from obTervation, but 
Jbnn the want of it. The Smelters can fet them right. 

One 
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One might naturally think, from this circumftance; that it would 
be wifer for the miners to pay more attention to (hallow than to deep 
mines: the contrary, however, in praftical mining, feems to be the 
cafe; for if amine, when firft difcovered, throws up a large profit to 
the adventurers, and fbon after fails, to their lofs and detriment, they 
ncverthelefs patiently purfue their object ; and accordingly, feveral 
mines,, although they have frequently been unproductive by the way, 
th^t have been purfued, to the depth of one hundred and eighty or 
one hundred and ninety fathoms; and fbme are now fuccefsfuUy work»- 
ing beyond that depths 

And, though the produce in deep mining has not always paid thc^ 
miner handfomely, the public is fedrly prefumed to have been benefited ; 
becaufe, however expenfive, fuch works have always produced great 

quantities of ores; and confequently, at all events, fb much has been 

■• « 

added to the national flock of materials for manufacture and commerce. 



The immenfe quantities of copper ores that have been raifed in 
Cornwall, have been produced from but few mines; and even, now, 
that the fj)irit of mining is at a higher pitch than was ever before 
iLnown, there are. not above five or fix important minet in the county. 



But, though this method of purfuihg mines to fuch confiderable 
depth has been hitherto produClive of fuch beneficial confequences, as 
h IS, a maxim that no mine, can, according to the prefent mode of 

working, 
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Working, pay hcf coft8l)eyond two hundred fathoms, and as the major 
part of the great mines arc nearly arrived at this point, 5t nKiy foon be 
lamented by many adventurers, that they had not rather direfted their 
induftry to new ground, than to have proceeded to depths from whence 
the produce cannot be cxtraftcd but by fuch ^vaft machinery and en- 
ormous expence. 

The increafed produ6lion of copper in Cornwall, fince the ore has 
been known there, has been furprifingly rapid. It is not more than 
feventy years ago that the miners firft began to entertain any juft ideas 
of the value and importance of copper ore; and we have no accounts 
of fales of copper, that I know of, *till the year 1726. 

In that year all the copper mines of Cornwall pfoduced only five 
thoufand tons of ore; and the average annual tonnage for the fubfe- 
quent ten years did not exceed fix thoufand four hundred and eighty 
tons. During this period the average price per ton was fcveri pounds 
fifteen fhillings and ten-pence, which made the annual amoimt fcven 
thoufand three hundred and fifty poiindr, and the ten years amount 
fcventy-thrcc thoufand five hundred pounds. 

In the year 1739 the tonnage was eleven thoufand, and the next 
year it funk again to five thoufand. It did not get up again to eleven 
thoufand 'till the year 1751; and from that year it continued to in- 
creafe, upon an average, about a ton a year» "till the year 1770, by 

whkk 
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which time it was increafed- to thirty thoufand fevcn hundred and 
feventy-fix tons per year. But as it increafed in quantity it decreafed 
in price; and though the mines grew deeper, and of courfe more ex- 
penfive, it was then reduced to fix pounds fourteen fhillings and fix- 
pence per ton. 

A few years after this, copper ore began to rife again, and got up 
to about eight pounds ; and, juft as the Cornifh men thought they 
were about to turn their mines to great advantage, viz. in the year 
1776 or 1777, a formidabk rival ftarted up againft them in the ifle of 
Anglefea, 

At this time, fine copper was from feventy to eighty pounds per ton 5 
hut in a few years, by the rivalry which naturally took place between 
the miners of Cornwall and Anglefea, it was reduced to between fifty 
and fixty. The ores at the Paris-mountain mine, during this period, 
were reported to produce two thoufand tons of fine copper annually; 
and the Comifh mines were computed to produce, annually, between 
forty and fifty thoufand tons of copper ore, which would give about 
five thoufand tons of fine copper^ fo that the Anglefea mine produced 
about two-fifth parts as much as the mines of Cornwall. 

The Paris-mountain mme lies in the fide of. a hill, and being from 
this fituation always dry, produced the copper ore at a much lefs ex- 
pence than the mines of Cornwall did. To this advantage the Anglefea 

D miners 
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miners added another, by an oeconomy never before that time adopted. 
The poverty of their ores was in one fenfe the canfe of enriching thefe 
mina^ ; for having difcovered that thefe ores were too poor to pay for 
fmdting them in the ufual way, and that they contained not only the 
copper, but a more than ufvrally abundant proportion of fulphur, (in- 
deed fo much as to render it impracticable on that accoxmt to fmelt 
them) they adopted the following procefs : — 

They firft burnt the ores, in which operation they feparated the 
fulphur from them, — preferved the fulphur in fufHcient quantities to de- 
fray the expence of the whole procefs, — then expofed the refiduvun to the 
rain, and to dreams of water, and received and fecured the water 
re-iffuing from the heap of ores (and ccmfequently impregnated with 
the copper) into pits and refervoirs contrived for the purpofe: into 
thefe receptacles they then threw fragments of old iron, which imme- 
diately attracting the acid by which the copper had been floated from 
the heaps into the receptacles, and feparating that acid from the cop- 
per; the copper, thus deprived of the power that fuflained it, precipi- 
tated to the bottom. By this procefs the greateft part of the copper 
was extracted from the heaps of calcined ore, without expence: for 
what remained in them, they either burnt the ore over again alone, or 
added it to rich ores, which they found in fmall quantities, and 
fmelted both together according to the common mode. Thefe advan- 
tages enabled the Anglefca miners to underfell the Comiftic 
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The rivalfliip, however, continued 'till the year 1785, by which time 
the markets were full, the Cornifh copper lay on hand, and a great 
alarm took place among the miners of that county. They called many 
meetings, to deliberate on their (ituation, and confider what was beft to 
be done. At length, viz. in September 1785, fome gentlemen perceiving 
and concluding that the Cornifh adventures could not exift on the price 
to which copper was reduced, voluntarily came forward, formed them- 
felves into a Company, called The Cornish Metal Company, and 
agreed with the greater part of the miners to purchafe from them all the 
copper then on hand, as well as all that (hould be produced by the mines 
of Cornwall for feven years from that time, at an advanced price. 

This Company (having now poffefled themfelves of nearly all the 
copper raifed in Cornwall, fecured all that fhould be produced for feven 
years to come, and perfuaded their countrymen, the Cornifh copper 
miners, that the ores of Anglefea were inexhauftible, as well as to be 
wrought with fcarcely any expence) entered into ftipulations with 
the Anglefea Company, for the purpofe of raifing the price of copper, 
and for felling each in proportion to the quantities raifed^ The latter, 
however, being not only a company of pra6lical mintn, but alTo a 
company of copper merchants, outfchemed the former in this contract: 
other treaties and contrafts fucceeded; but the Cormfti men were, in 
every inftance, fo far outgeneraled by the Anglefea party, that the 
latter, at length, completely monopolized all the copper in tho^king- 
dom, and then managed the markets as they pleafed. 

D 2 About 
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About this time Do6Vor Watson publiftied the fourth volume of 
his Chemical Eflays : treating of the procefs of brafs-making, he con- 
cludes thus: " The trade of brafs-making has, within thefe few months, 
** been much deranged throughout the nation, by an agreement which 
" has been entered into by fome of the principal Copper Companies, to 
" the exclufion of others, to buy up all the copper of the mines now 
** at work in the kingdom. The effeSl of this plan is not yet either gene-- 
** rally felt or forefeen^ 

Had the brafs-makers taken the hint given in this remark, and peti- 
tioned for fome legal reftraints of this heavy monopoly, the difficulties 
they have already been thrown into, and are likely in a greater degree 
to fuffer, might have been prevented. But from their neglefting fuch 
a ftep, thefc deep fchemers ruined every copper-fmelter, of fmall capital, 
that did not comply with their terms ; managed the brafs-makers as 
they pleafedj exported their copper to every part of the world; puflied 
it, either by corruption or by main force^ into naval architefhires raifed 
its price from between fifty and fixty to one hundred and twenty pounds 
per ton; and> exclufively, received all the benefit of this enormous ad- 
vance. In confequence, a few obfcure individuals have acquired im- 
menfc fortunes, to the great injury of the Copper Manufafturers in 
general, with very little advantage to the adventurers or labourers in 
mines, and none whatever to the public revenue. And this very 
Company, thus let loofe upon the common- wealth, is now importing 
copper ores from Ireland, Germany, Turkey, or any other part of the 

world 
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world in which they can procure them; buying up all the old copper 
pots, bell-metal fkillets, &c. &c. that they can lay their hands onj nay, 
even light halfpence and farthings ^"^ ta melt into fheathing and bolts for 
fhips, &c^ 

The laft contraft between the Anglefea and the Comifti Companies 
expired in September laft, when the Cornifh Metal Company ceafed- 

The Cornifh Metal Company appear to have adled from impulfes of 
real patriotifm: they refifted the monopoly, by paying their country- 
men, the miners> fo high a price for the copper raifed in Cornwall, that 
they loft not only the intereft of the money advanced, to eftablifh the 
Company, but, as I am informed, a confiderable part of the principal ; 
while the greedy monopolizers, their antagonifts, were rolling in all 
the luxuries that could refult from monftrous wealth, or that could 
be enjoyed with the confcioufhefs of extenfive oppreffion and general 
inutility. 

Some time before the laft treaty between thefe Companies expired^ 
a rumour was induftrioufly fent abroad, that a new bed of copper ore 
had been difcovered in Anglefea^ which ran through the whole ifland. 



• At Raifborough, about twenty miles up the river from London, is one of the Copper- Works of 
rfiis Company. It could not but gratify the curious to vifit a place where he may fee, (/ e, pravidei 
they 'will let him) among othtv phegno7nena, a warehoufe, half as big as St. Paul's church, filled with 
B^ht halfpence and farthings,. ** ffe kMVj not ^whence they came, nor ivhitber they wiU go,** 

and 



and was of fuch prodigious magnitude and richnefs, that it would be 
impofliblc ever to exhauft it. Boats, (hips, bridges, houfes, — nay, the 
faces of the earth and fea, — were to be covered with it. Soon, how- 
ever, new overtures for new contrafls were made^ but the bait did 
not take: — Some of the Comifh mtn fufpeSled. 

They artfully contrived to get fome of their moft experienced labour- 
ing miners, to work in the Paris-mountain mine, for the purpofe of 
difcovering her fituation and drcumftances ; and, ftrange as it may 
appear, that fuch an event fhould have happened, without its being 
publicly known, thefe men returned with a report, that " the Paris^ 
^' mountain mine was exhausted." The Anglefea Company denied 
the fadtj which of them is right, it is not in my power to decide; but 
as the maintenance and profperity of fo many thoufands depend upon 
the fuccefs of our mines, and the conjiant and regular fupply of copper, 
it is a pity that the fail is not afcertainei 

I have taken fome trouble to get the beft information I could on the 
ftatc of this mine, as well as all others now working in the kingdom ; 
and, be that information right or wrong, I fhall make no apology for 
communicating it as I had it: if it be right, well; if wrong, let 
thofc who can give better information, give it. 

I learn then that the Paris- mountain mine is not exhaufted of ores, 
• • ^ is, as the miners term it, ** grtnion foorr The ore was, 

comparatively 
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comparatively fpcaking, never " rich'' Some of the mines of Corn- 
wall produce ores, about fix tons of which make a ton of copper; and 
fome even more than this. Indeed it is fometimes taken up purely me- 
talline; but ores, feven tons of which produce a ton of copper, are 
cfteemed " rich ares.** Formerly, on the average, eight tons of Cornifh 
ore have produced a ton of copper; but, fince the mines are funk deep, 
it takes ten or twelve. When we firft heard of the Paiis-mountain 
mine, zboxxt fifteen tons of her ore made a ton of copper. I was in- 
formed, not long fince, by fome of their fmelters, that, to produce 
a ton of copper, ibosftfive and thirty tons were neceflary of their beji 
ore; fuch as they extraft the metal from by finelting only, without 
the operation of burning, precipitation, &c. I have alfo been told, 
by fome of the labouring miners who have worked in the mine, that 
the Anglefea Company were lowering their wages fo faft, that they 
could fcarcely fubfifl on their payj that the ore, if it continued, as it 
had been long doing, to grow poorer and poorer, in a fhort time would 
not be worth raifing; and that a great part of the mine is fallen in : 
and, it feems, the Company do not think it worth the expence of clear- 
ing away the rubbifh. 

So much for the Paris-mountain mine. Now let us take a view of 
the prefent ftate of the Cornifh mines. 

The principal mines now at work in Cornwall, from their having 
been purfued in the manner I have mentioned, are very deep and 

over- 
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overflown with water, which cannot be drawn without fteam-engines, 
at an immenfe expence; and, I believe, it will not be too much to 
affirm, that to the ingenious Mr. Watt, of Birmingham, the in- 
ventor of the modem fteam-engine, the nation is indebted for the 
great wealth, of which the Cornifh mines have for many years been 
the fources. But thefe engines confume immenfe quantities of coals^ 
the price of which, as there are no coal-mines either in that county or 
Devonfhire, is always very highj frequently (after the drawback allowed 
by Aft of Parliament for coals confumed in the mining of Cornwall) 
one pound five (hillings per chaldron.* The quantity consumed, to 
work an engine, is increafed in proportion to tlie required power, and 
confequent magnitude, of the engine, which depends on the depth of 
the mine and confequent additional weight of water to fee drawn. 
The mines, which are now fo deep, ai'e daily growing deeper, and of 
courfe require more power to relieve them from the water; fo that, 
it is much to be dreaded, great as this mechanical power is, the time 
may foon arrive when it will be found inadequate to thefe purpofes, in 
fome of die richeft mines. 

The north-weft pan flies, viz. Redruth, Gwennap, St. Agnes, lUugan, 
Camborne, Crowan, Gwinear, Phillack, St. Hilary, and a few otbers, 
dcfcribc that portion of the county in which copper, in any confidcr- 



• Some of thcfc engines will confume from three tp four ihoufanJ poumb worth of coal5 per 
imnum each. 

able 
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able quantity, .has been yet generally found; and, in thofe parifties, 
fo many mines, within thefe few years, have been difcontinued from 
their great depth and weight of water conftantly drowning them, that 
a vaft number of fhells of fteam-engines, erefted for the purpofe of 
drawing up water, at prefent ftand ufelefs on the northern road be- 
tween Truro and Penzance* 



I have been difappointed in my endeavours to procure an exaft ftate 
of the annual produfts of the Cornifti copper-mines for the laft five 
years, but I believe it is about fifty-five thoufand tons of ore, which 
produces about four thoufand five hundred tons of pure copper, and, 
at the prefent price of ' copper, about four hundred and fifty thoufand 
pounds per annum. 

The parifh of Gwenap has for many years produced the greateft 
quantity of copper ore of any of the mining parifhes, and ftill con- 
tinues to do fo. 



. In this parifh lie the mines, called the Confolidatcd Mines^ being feve- 
oral mines united, viz. Wheal-Virgin, Poldice, Ale and Cakes, &c. 
carried on by a wealthy and fpirited company of Comilh gentlemen. I 
have been told that they have been lately computed to produce near 
thirty thoufand tons of ore per annum j yet, from their great depth, 
the cofts of working them are fo heavy, that they have lately amounted 
to a confiderable fum more than the income : and that they would 

£ have 
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hnvc ftoppcd fomc time ago, had not the Lords of the foil given up 
half tficir dues. Theic mines are nearly two hundred fathoms deep, 
and mud flop in lefs than two years, even at the prefent price of cop- 
per j and fliould the war, which at prefent threatens us, take place, 
the dei>reciation that will confequently attach for a (hort time to this, 
as well as every other article of trade, will efFeft their difcontinuance 
immaliately. 

The parifli of Redruth has been long very produftive of copper: 
the North -Downs mine, fituate in this parifli, is fecond in produftion 
to the Confolidated Mines, and has produced above twelve thoufand 
tons of ore per annum; but flie is now above one hundred and fifty 
fathoms deep, is cxcefTively laden with water, has four fleam-engines, 
and, it is fuppofed, cannot continue long, as (he now barely pays 
her cofts.* 

In the parifli of Camborne there have been two mines, fFbeal-Gons 
and Strify^Pari^ very produdlive for many years, but thefe mines are 
now one hundred and eighty odd fathoms deep; and, as it is jM^fumed 
that no mine can pay her cofls whofe depth exceeds two hundred 
fathoms, thcfc mincs> fup]^x>fing they fink only fix fathoms a year, 
mull flop in thixc years. 



* rhcrr arc (cvcn\ other mines putting on in tliis parilh, and, it is to be hoped, they wiO 

In 
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In the parifli of Crowan, the Crenver mine, and Wheal-Treafurc, 
are the only mines of confequence. The former has produced about 
three hundred and fifty tons of ore per month ; flie is now about one 
hundred and forty fathoms deep, and the water is fo quick upon her, 
that it is fuppofed fhe cannot ftand ten fathoms longer, fo that (he 
may flop in lefs than two years ; but Wheal-Treafure is wrought with 
one fleam-engine, and is about one hundred fathoms deep, is very pro- 
dudlive, and, it is thought, will continue to be fo for many years. 

•» 
The Duke of Devonfhire had a rich copper mine in Derbyfhire, 

which made fome noife, but it is now of no value; and the other 

mines of the kingdom are, in their prefent circumflances, fcarcely 

worth mentioning. 

Thus it appears probable, that the mines which product three-fourths 
of all the copper now raifed in the kingdom will, in lefs than three 
years, ceafe to produce any; and, fhould fuch an event happen, with- 
out proper fleps being taken to provide for the miners and manufac- 
turers, who, depending on thefe adventures, mufl then be thrown out 
of employ, the confequences may be veiy calamitous. It cannot be 
amifs, therefore, either to anticipate as many of thefe confequences as 
we can, or to offer any reafonable confiderations that may poffibly tend 

to avert them: In order to this, it will be necefTary, in the next 

place, to take 
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A CONCISE VIEW OF THE RISE, PROGRESS, AND PRESENT STATE 

OF METALLURGY IN ENGLAND. 



npHE rife of metallic manufaflures in England may, perhaps, be 
referred to the reign of Richard the Third, In this reign Eng- 
land was in a very miferable fituation. The number of her inhabitants 
had been diminifhing for the laft one hundred years. The difputes 
with the Scotch; the conquefts made in France, with the means ne- 
ceflaryfor prefervingthem; and the civil wars which had fo delperately^ 
raged at home; had, during the reigns of the three laft Henrys, and 
Edward the Fourth, all confpired to lay wafte, depopulate, and derange 
the country in almoft every point of view. When Richard came ta 
the throne, improvements of every kind had ceafed; the fpirit of cul- 
tivation was loft, and the moft effential concerns of the country were . 
in confufion. 

The wretched ftate to which the fubjefls of Richard, by this train 
of unfortunate caufes, were reduced, would foon have driven thofe who 
furvived it to feck bread in diftant countries, had not fomc remedies 
been fuggefted to leffen the preflure of inconvenience under which 
they laboured. The bafer kinds of tenure were remitted; villenagc 

grew 
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grew into difufe ; and the labours of freemen foon began to (hew tber 
fuperior benefits arifing to a ftate from the hkjfings of liberty \ agricul- 
ture, manufafture, and trade, began to employ the people; and Richard, 
perceiving the advantages likely to be derived from the induftry of his 
fubjefts, entered into various negociations with foreign princes, for 
tncouraging and promoting thefe views; and companies^ for the ma- 
nagement of Englifh commerce, were eftabhfhed in different parte of 
the world. *^ 



This gave encouragement to new undertakings; and incorporations 

of companies, to carry on different manufaflures, took place, which 

were increafed and improved from the mutual fupport and exertions 

» 

of their members. The value of our native commodities, and the en- 
couragement thus given to the manufafture of them, invited numerous 
ingenious foreigners, from all parts, to our fhores, whofe various efforts 
united, — to improve the elements of our knowledge, to multiply our 
manufaflures, increafe our trade, extend our commerce and navigation > 
and, by initiating numbers of people into different employments, and 
by that means giving new fuftenance to the y^ox ^ promoting population^ 
and improving and increafing the landed property,^— raifed a fphit di 
general improvement. 

Henry VII. whofe judicious, though fevere, reign was compreherr- 
fively beneficial to his fubjefts, encouraged the manufaftures of the 
kingdom in generals and perceiving the abfurdity of keeping, by the 

exp^nce 



[ 3° ] 

expence and ravage of war, an ideal territory, which, even in peace, 
could be (?f no fubftantial benefit to him, wifely compromifed with the 
French king for his claim on that crown, and entered into a number 
of equally wife treaties with other powers, which gave new vigour 
and efficacy to Englifti induftry. Henry Vlllth, in tliefe refpefts, fol- 
lowed in a great degree the example of his father. In his reign, as 
well as in that of his fon Edward Vlth, our metalUc manufaftures, 
which had been thus encouraged, began to exhibit their national im- 
portance, and feveral A£ls of Parliament* were paffed, prohibiting the 
exportation ^brafs, copper^ lattenj-f- bell-metal, pan-metal, gun-metal, 
and fhrofF-metal. But the glorious reign of Queen Elizabeth is the 
jera at which hiflorians moft unanimoufly commence their examina- 
tion of the rife of that extenfive commerce which we have now fb 
long enjoyed. Before this, our foreign commerce confifted moftly in 
the exportation of th« productions of ourifland in their natural ftate; 
fuch as tin, lead, iron, hides, wool, and fi(h. But the policy of Eli- 
zabeth, and of her wife minifters, dire6led her views towards the po- 
pulation and improvement of her ftate; which, (he perceived, could 
only be efFe6led by inviting foreigners to come among her fubjefts, to 
inftrufl them in the manufaSliire of thofc produ6lions. Foreign artifans 



• 8 Hen. VIII. c 7, 10, 33. 2 & 3 Edw. VI. c. 37. 

+ I do not know what was meant by latten at this time; the Dcvonfhire and ComUh 
people now call tin-plate by the name of latten, wliich was iirfl brought to England by the 
adventurous patriot Andrew Yarranton* 

and 
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and manufaflurers were accordingly invited into the kingdom, and 
were invefted with all the advantages enjoyed by native fubjeits. 

Thefe wife and judicious views of Elizabeth were forwarded by the 
folly of a rival fovereign. The tyranny of the Spanifli governor of 
the Netherlands (Duke D'Alva) drove a number of Walloons and 
Flemings into England, who were (killed in the manufaftures of our 
ftaple commodities, wool and metals. 

This was a great event; and fo kindly received were thofe refugees by 
Elizabeth, ind they attended fo ftriftly to the manufaftures in which 
they were (kilf ul, that the woollen manufafture, in all its branches, was 
foon carried to great perfeilion. 

Among thefe refugees was one Chriftopher Schutz, a German me- 
tallurgift, of great fkill, to whom, with William Humphry her aflay- 
mafter. Queen Elizabeth, in 1567, granted all the calamine in Eng- 
land, and within the Englifh pale in Ireland : thefe gentlemen, in 1568, 
formed a company, compofed of fome of the firft noblemen and gentle- 
men in the kingdom,* to carry on the manufaftory of brafs. This, as 
brafs is the bafis of our yellow-metal wares, appears to be the firft 

■ 

ipirited ftep towards the perfection of our metallic manufaftures. 



• Sir Nicholas Bacon, the Duke of Norfolk, the Earl of Pembroke and Lcicefter, Lord 
Cobham, and others. 

So 
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So fwift is the progrefs of art, under public encouragement and pro- 
teftion, that by the year 1639, an aera by no means aufpicious to cn- 
terprizcs in trade, we had a fufficiency of brafs wire (an article to that 
period fupplied by foreign nations) for all our purpofes ; and the future 
importation of it was in that year prohibited by royal proclamation. 

About 1650, it is faid, upwards of ten thoufand men were em- 
ployed in the brafs manufaftories in England.* 

In the reign of William and Mary, copper became fo plentiful, that 
that the Afts of Henry VUL and Edward VI. [fee p. 30] were partially 
repealed; and it was made lawful to export all manner of iron, cop- 
per, and mundic-metal.-f* This ftep appears to have been an impo- 
litic excefs : it was turning away a whole river merely to abate a cafual 
overflowing. In ten years (in the reign of Queen Anne) the brafs- 
works were quite decayed, from the too lavifh exportation of crude 
copper, under this fuppofed indulgence, and the fcarcity and dearth 
confcquent to tiiat exportation. 



rrw! 



♦ The confumption of copper in thofe manufatSories of brafs at length encouraged the fpirit 
^f mbaiiig; and it was found, that copper, for which we had been before beholden to foreigners, 
^as foon to be had in fufficient quantities from tlic Mendip and other Britifli mines, now dif- 
continued, and of no importance. 

t By « Mundicnictal" is to be undcrftood, the beautiful mineral commonly called Mar- 
«a(kc; it is not metallic, but a compofition of fulphur and arfcnic 

In 
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In 1708, a memorial was prefented to the Houfe of Commons, fel- 
ting forth feveral reafons for encouraging copper mines, and continuing 
the brafs manufaftory in England, and for thefe purpofes praying the 
interpofition of Parliament. In the fame year an aft was paffed, by 
which fomc duties, which had formerly been laid on the exportation of 
copper and brafs wire, were taken off, and ttefe articles allowed to be 
exported duty-free. 

This, in fome degree, revived the brafs manufaftory; the demvinds 
made for copper by the brafs-makers, and the metallic manufafhirers 
at Birmingham, who were now become very numerous, urged on the 
ipirit of mining in the manner already defcribed. 

In 1783, the brafs-makers were become again very numerous, and in 
that year tbey applied to Parliament for a liberty, fimilar to that which 
had been granted to the iron and copper fmelters, viz. to export crude 
brafs. The bill paffed the Houfe of Commons; but, fortunately for the 
ftate, the Birmingham manufafhirers prefented a petition to Parlia- 
ment, flating that the efFefts of fuch a bill would ruin their manufac- 
tures, which, as they afforded employn^nt to thoufands of people, 
were of the utmoft confequence to ^e kingdom in general; and the 
bill was accordingly thrown out by the Lords. Had this bill been 
carried into a law, the mifchiefs arifing from it, before they could have 
been remedied^ would have produced the moft dc^dful coniequences. 

T The 
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The brafe-makers may now urge reafons againft the exportation: of 
copper^ ftronger than thofe alledged by the Birmingham manufadhirers, 
at that period, againft the exportation of brafs.; for the brafs-makers of 
Briftol, Macclesfield, Warrington, and other parts of England, to per- 
fe<5l their article {(x the manufadlurers, lately emjdoyed upwards of 
fifty thoufand people; yet they are prevented from turning it to the heft 
advantage, left it (hould be the means of taking employment fronv. 
more^ — that is to fay, from the manufaSlurers : yet copper, without 
which brafs cannot be made, and which, as I have before dated, and 
which I ftiall by and by (hew, is the bafis, not only of brafs, but of 
all our valuable yellow-mixed metals ; by the manufa6ture of which 
many hundreds of thoufands of people are maintained, and the ftate 
is enriched, and in a great degree fupported; yet this grand pillar, diis 
very effence of the trade, is fuffered, as foon as it is dug out of the 
earth, to be fent out of the country, without any fort of reftriftion 
whatfoever, and confumed and wafted in the moft grofs manner, and in 
all the dcftruftive modes of confumption that imaginaticm can fuggeft^ 

The fuccefs of the trade of metal-workers in England does not 
depend upon the certainty of procuring brafsy but of procuring divers 
qualities of brafs, and that too of the Englifti manufa6hire; for it is 
by the mixture of thefe commodities, in various ways, known only to 
the manufacturers themfelves, that our metallic articles are brought 
to fuch perfection as to find markets in foreign countries in preference 
to manufactures of funilar articles by other Europeans. 

"Great 
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^* Gre^t quantities of good brafs," fays Doftor Watson,* "arc 
*^ made by moft nations in Europe, as well as by the Englifh; but the 
** Englifh bi;afs is more adapted to the Birmingham manufeftories than 
V any other fort is ; and hence, in France, Portugal, Russia, and 
** Germany, our unmanufa^ured brafs is allowed to be imported ^^^ of 
duty*, but heavy duties are laid in thofe countries on manufaSlured hv^Ssy 
when imported. The manner of mixing different forts of brafs, fo as 
*^ to make the mixture fit for particular manufaftures, is not known to 
"foreigners, though this is a circumftance of the greateft importance; 
but there can be little doubt, that if foreign nations were pofTelTed of 
all the forts of Englifh brafs, they would foon feduce our workmen to 
'* inflru6l them in the manner of mixing ^them, and in fome other cir- 
"^cumflances which are not generally known, but on which the fuccefs 
" of the manufadhire depends in a great degree." 



<c 
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Now, though foreigners cannot, merely by the exportation of r6p- 
per, acquire all the methods of making and mixing the different forts 
of Englifh brafs ; yet, as copper is thebafis of brafs, afcarcity of cop- 
per nmfl produce a fcarcity of brafs ; and a fcarpity.of brafs, a fcarcity 
of other metals compounded of it : thefe circumflances will, nay, at 
prefent do, throw difficulties in the way of brafs-makers and manufac- 
turers of metallic wares 3 and the manufadlurers, as well of the one 
branch as the other, mufl and do now want employment. The confe- 
quence of this, if not already the cafe, will foon be, that our brafs- 



» ■■ J, 



* Vol. iv. p. 41. 
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makers^ metal-workers, and metallic artizans in general, wilt get into 
other countries, and inftru6l their manufacturers in all the ways of 
making brafs uied in England, and in the various modes of mixing 
this metal in our manufaClures,^ which render them fo iuperior; and,, 
as o^pper and calamine, of which brafs is made, are produced d&where 
as plentifully as here, iuch an event (which, if the French eftabHfh a free 
government, is not unlikely to happen foon, unlefi fome raoft efie6lual 
fteps be taken to prevent it) cannot but efied a ruinous competition 
widi our metallic manufactures, and render England no longer the 
itaple of theft commodities. 

As I have ftated that copper is the bafis of om moft valuable nuxed 
metals, it may not be unneccflary to illultrate the a&rtioQ by the fol- 
lowing table. 

A TABLt op THE DIFPBRENT PROPORTIONS OP COPPER, IN THE COMPOSITION 

OF OUR MOST VALUABLE BilXED METALS. 

BRA8S«-*One pound of copper, and about nineteen ounces of calamine, pro* 
ducc one pound and a half of brafe. ^ ^'^ ^ ^ 

* Coppcffi Tm, Zinc, 



GuN-iiETAL 18 compounded of — — lo — i 

POT-IIETAL* — . — . _ 22 — _ I or 2 

Speculum Metal -^ Z» — .- 3 ■ 2 

Bell Metal — -^ — «— 8 ■ i 

Pinchbecks, &c* — -* — «-» 13 — - i 



*TbcuiiioflaKl» lapprcheiMliUdifoottdiiiiediiithitccnipMBd. 
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Thus the reader will fee that all our yellow-mixed metals together 
contain 66 parts copper, and 6 or 7 parts tin, zinc, or lead. 

From this ftatement we fee that feven-eighths of copper enter into 
all the yellow metallic compofitions which I have fet down in the table; 
and, from thefc and various admixtures of them, many hundreds of 
thouiands of people in England are conftantly employed in converting 
them into all fortt of articles of utility and ornament for home confump- 
tion and foreign trade; all of whom (fhould copper, in Great-Britain, 
become fo dear and fcarce, that fordgners fhould underfell us in me- 
tallic manufafhire) rauft want bread, or emigrate in fearch of itr and 
if Ae report of the Comifli miners be true, and the Paris-mountain 
mine, (which has fb long been computed to produce from two to three 
thoufand tons of pure copper annually) and likewife the Confolidated 
and other deep mines of Cornwall, which have produced upwards of 
four thoufand tons a year, fhould, from the caufes I have fuggefted> 
ceafe to produce any, it is impoflible to guefs to what loflfes and difad- 
vantages we -fhalL be expofed; for even as it is, from the increafe of 
population and mani^adhire, and from the prefent unrefbained and 
wafteful applications of c(^)cr, there is a greater demand for it than 
can be fupplied by our owa mines ; and as k feems> that, in the prefent 
ftate and courfe of things, tbefe misfortunes muft b? near at h^id, the 
fituation of the metallic manufa6turers demands; inunediate attdidon 
and effi:£hial relief: how that rdief may be rendered I fhaU next 
confiden 

A PLAN 
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A PLAN FOR RELIEVING THE BRASS-MAKERS, AND OTHER 

METALLIC MANUFACTURERS. 



sat 



T N order to effcft an immediate and efFeftual relief, and fecure a per- 
manent profperity to the manufadhirers of brais and other metallic 
wares, it feems to me, that there are three things efpecially neceflkry. 
jji. If not for a while entirely to prohibit the exportation of copper, 
yet certainly to regulate it by proper limitations and re(fai£kions, and 
to take off .a tax or duty of ten pounds per ton impofed on the impor- 
tation of it into England from other countries. 2Jfy. To open more 
mines for its produftion. And ;^dfy. (and paramount to every other 
confideration) To abolifh its ufe in various confuming and pernicious 

purpofes, to which it is at prefent mifapplied. 1 fliall treat each of 

thefe heads in its turn; and firft^ 



X)N THE EXPOJITATION OF COPPER. 



A PTER what has been faid on the ftate of co/fper mines, and the 

number of perfons that depend on their produflions, I think it 

would be fuperfluous to ufe any further argrunents to induce a Parlia- 

•mentary regulation of the exportation of this article, or to fhew the 

coofequences which muft enfue if it be neglefted. 

Icannot^ 
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I cannot, however, help remarking, that it is ftrange that the expor^^ 
fatten of wooly of which there is a regular annual fupply, without any con^ 
tingencyy fhould be prohibited under pain of death 5 and that copper, 
the produ6tion of which is intirely contingent^ (hould be left to the mercy 
of monopolizers, without a fmgle law to jH-oteft it* 

■ 

Mines may be confidercd as (bmewhat of the nature of State-Lotteries: 
though there may be many blanks to a prize, and many of the indivi- 
duals, induced to adventure in thefe contingencies, may confequently be 
lofers ; yet it is a fair prefumption that nobody adventures who cannot 
afford a rifque^ and the State is, at all events, infallibly a gainer — in 
this cafe, a gainer of fo much mining produce, rifen from its own lands, 
by the labour of its own inhabitants, and brought in and added to the 
national (lock of materials for manufafhire and commerce, without 
fending a fhilling out of the country! Mining, therefore, is not only 
to be tolerated, but encouraged without referve, and in no cafe to be 
checked, but when neceffary, in order to preferve or reftore Ae necef- 
fary and jufl balance of our trade in general. I fhall fuggeft a hint or 
two, by which the propofed regulations of the exportation of copper 
may be govemedt 

The objeft to be aimed at is this : — ^The article fhould be authorita- 
tively kept as near to a certain price as poflible; and, in afcertaining 
fuch price, retrofpeft fhould be had to the price of it in other parts of 
the worlds and, at the fame time, the two following material objefts 

mufl 
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mull be attended to at home: the price muft be kept high enough to 
pay die miner handfomely for raiiing the ores; and, at the fame time, 
it fliould be fo low that our manufaflurers may buy it cheap enough 
to enable the merchant to underfell the foreign manufacturers c^ fimi* 
lar wares. I apprehend that the brais-makers can afford to give ninety 
or ninety-five pounds per ton; and I think that ibmewhere between 
thefe fums may be the ftandard; this appears to me to be a good price, 
and fair for the miner, the manufadhirer, and the merchant. 

The exportation then fliould be (lopped, and the duty I have men- 
tioned, as payable on its importation, fhould be taken off, 'till it is 
reduced to fomewhere about thefe prices.* 

It may be ol:ged:ed, that if the price of copper be reduced but five 
potmds per ton, the Confolidated Mines, with fome others in Cornwall, 
that I have mentioned as but barely capable of paying thdr cofts, mufl 
ftop immediately on fuch a ndu£lion; and that, in fuch cafe, the 



* I apprehend that copper cannot be imported into England, from any foreign country, 
under one hundred and twelve pounds per ton; and I fee no miichicf that can arife from the 
duty of twelve pounds per ton being taken off, as it will then be between five and ten pounds 
per too more than the brafr-makcrs can afford to give for it. And if there (hould be at any 
time a furplus, after our manufafturers are fupplied, the India Company can always afford to 
^ve ninety-five pounds per ton for it; and there may be an article !n the new charter by which 
they may be bound to take all the fuperfluous copper as well as tin, after ihe manufaSurers 
are fupplied. 

manufafhirers 
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laiatiufafturers will get no copper at all. My anfwer is : So trifling is 
the quantity of ore now lying on the mines, or at the fmelting-houfes ; 
fo trifling the iinmanufaflured copper in the kingdom, and fo great 
the demand of our manufafturers for this article; that, independently 
of the confideration of approaching war, were the ports to be fhut on 
it to-morrow, there would be no chance of the price falling very con- 
fiderably in lefs than two or three years; by which time thefe mines, 
unlefs fome new contrivances are hit upon to bring the ores to grafs* at 
a much lefs expence than at prefent, muft flop, of neceflity, at the 
prefent high price; fo that fuch an argument would be futile; and, I 
think, I may venture to fay, that if the manufafturers tamely wait to 
fee thefe mines go down, without fome fleps being taken to provide for 
their lofs, copper will, inflead of getting cheaper, double its prefent 
price, which will deflroy the mantifaftures ; and what will copper be 
worth then ? Thefe confiderations lead me, fecondly, to confider 



OF OPENING NEW MINES FOR THE PRODUCTION OF COPPER. 



TT feems that the demands made for copper, by our metal-workers, 

are now fo conflant and great, that barely refliidling the expoita- 

tion of this article may, perhaps, be infufiicient tofatisfy them; itthere- 



• A mining term for bringing the ores out of the mine and laying them on the ground 
or grafs. 



fore 
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fore appears, that every poffible encouragement fhonld be given to ad- 
venturers to open new mines for the difcovery and produdUon of this 
metal. 



Though, with refpe6l ta abfolutc certainty of (uccefs> mining is (as: 
has been before admitted) a fort of lottery or gambling, yet it is very 
far indeed from being the worft of its fpecies> becauie, among other 
favourable differences, fuccefs in them docs not, as in a lottery, depend 
wholly on chance : the long experience and obfervation of miners, col— 
leflively, have enabled them to judge, by certain lymptoms and tokens 
eafily come at, whether an adventure be worth purfuing or not; and 
confequcntly, when thefe fymptoms and tdcens induce them to go on> 
they are not fo often difappointed in their expe6tations now as fiormerly* 
This may be confidered as the rudiment of an important branch oi 
fcience, which, it feems poffiWe, further experiment and obfervation 
may fo amplify, as, by leaving ftill lefs to chance, and more to know* 
ledge and induftry, to ccmftitute a ftill more folid ground of en- 
couragement. With refpecl to the public intereft on this point, it i^ 
alfo to be confidered, that, in a general view, the lofles in mining are 
to thofe whofe opulence can bear it; that the money funk is not anni* 
hilated, but goes chiefly to maintain and preferve the poor labourer^. 
artifan, and manufacturer, who could not fubfift without it. Neither 
thefe confiderations, however, nor any others, Ihould induce indivi- 
duals of fmall capital, or companies who cannot afford to layout of 

their money for five or ten years, to think of engaging in what are 

called 
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called leeking adventures; or to have any thing to do v^ith minings 
tinlefs ifr* W to carry -onHafiinfis -already difcoverei- - 

The formation of wealthy companies, for thefe purpofes, is there- 
fore highly eligible and defirable. 

I apprehend that fome fuch are forming in London and Birmingham; 
and, on a general view, it cannot be doubted, that they will be re- 
warded with fuccefs proportioned to their fpirit 

Mining is fo very material to the interefts of this ftate, that if a 
hminty were given by government, of (o much per fathom, to men who ' 
would drive adits, under hills to be fixed upon by intelligent miners, it 
might operate as an encouragement to labouring miners to do this when 
they have no other employment, which fometimes happens 3 and would 
embolden the timid to purfue fuch concerns with more zeal: or, if 
government were to bear fome proportion of the expence of fuch en- 
terprizes with other adventurers, it might anfwer very beneficial 
purpofes. 

When mines have been difcovered in hills, it has long been the prac- 
tice to go to the foot of the hill, and drive an adit from thence to the 
mine, for the purpofe of relieving her of her water; and it has fre- 
quently happened, that in driving thofe adits, the miners, by the way, 
liave difcovered lodes more valuable than thofe of the mines to which 

G 2 they 
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they were diredine theif level. And 4t hig jfincff hppa 
mimiflm not fo muoli follo ii tJ JLi u i mnpffj it TOiaht to 



where 

miners, from the circumftance of former mines having been wrought 
and difcontinued, or where the ground has exhibited fymptoms of fer- 
tility in ore, have been induced to think there was a profpefl: of fuccefs 
to drive levels for the very purpofe of difcovery, without direfting the 
experiment to any particular mine 3 and many of thofej, by patience 
and perfeverance, have amply rewarded the enterprize. 



The late ingenious Do6lor William Price, of Redruth, treating^ 
of this topic, fays, ^^ I muft allow that fuch adventures are very laud- 
" able 5 for if a level forms an horizontal acute angle, ^th the per- 
" pendicular feflion of the funmiit of an hill, at the charge df three 
" thoufand pounds in fifteen years driving, though without the fuccefs 
** defired, it is likely to prove an ufeful undertaking for pofterity, who 
" may reap the advantage of it, when they want levek to unwater veins 
'' that may be difcovered in other parts of the hill. The expence of an 
** adit is flow and fmall, therefore it is eafily borne. Two or three hun* 
• ' dred pounds a year, in driving an adit, is fcarcely felt by eight or ten 
" perfons, than whom feldom fewer are concerned; and this too upon 
** the chance of finding a vein or veins, that may throw up an amazing 
" profit prcfently after difcovery, by an advantage in the very means 
** of difcovery itfelf." 



It would be material encouragement to mining to remit every tax 
and duty to government, with which the purfuit of that bufinefs ftill 
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remains clogged. It maybe objefted that the revenue will be diminiflieJ, 
pro tanto\ and why fliould this branch of trade be fo favoured more 
than others? The anfwer is, that the amount of the taxes on the 
articles confumed in mines, is far lefe than the amount of thofe re- 
fulting from the manufafhires of their produce; and, that the burden 
of thefe taxes depreffes the (pint of mine-adventuring fo much as to 
caufe a diminution of manufafture, and confequently of the duties ork 
thofe manufa6ture$, to a nrach greater amount than could poflibly be 
loft by rfie propofed remiflion. Befides, that mining is a bulinefs of 
peculiar has^ard and perils and is not in its very nature a fair fubjeft of 
taxation, becaufe its value will not, as in the cafe of every other buli- 
nefs, admit of any certain calculation; while it is infallibly certain, 
that if its produce cannot be brought to market, unlefs it can be ren- 
dered at a lefs price than that of foreign countries, it is taxed for 
mere inability and misfortune, which, being infupportable, muft of 
courfe totally crufli the whole trade. 



It is very generally and reafbnably believed, that but for the patriotic 
and ftrenuous perfeverance of a late diftinguifhed Senator, a native of 
and rejirefentative in parliament for this county, (the grandfather of 
the prefent benevolent and accomplifhed Sir John St. Aubyn, of Clow- 
ancA whofe integrity was4J(r fuperior to the corruptions of Walpole's 
and confequently of any other adminiftrationi by which a remiflion of 
part of the duty on candles ufed in mining was efFe6led,«^fliiStoMl04bfer 

the block-tin trade, which has 
fince rifen to fuch importance, would a6lually have funk- It 
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It is a w€ll-known fa£l too, that but for the drawback allowed by 
government of the duty paid on the coals confumed by fteam-engines 
in the county of Cornwall, thefe wonderful machines would never 
have got into the general ufe they have been in, in that county: and 
as we are certainly indebted to thefe engines for the great progrefs that 
has been made in copper-mining in the laft ten years, other drawbacks, 
equally reafonable and neceflary, might and ought to be allowed, viz* 
on leather, gunpowder, pitch, ropes, hemp, and in general (as has 
been already prefumed) every taxed article that is Confumed in mines^ 
If encouragements like thefe fhould immediately be applied for and 
granted, the great mines I have mentioned as being in danger of flap- 
ping miay be enabled to continue fome years longer, perhaps ^till new 
mines are got into a courfe of work fufiicient to fupply their lofsj for 
I cannot mean to infmuate, that the mines of Cornwall are exhaufl^d; 
on the contrary, I am convinced that copper mining is in its infimcy; 
and firmly believe that the county of Cornwall, under the encourage* 
ment I have fuggefted, will contmue for ages a fource of riches to thole 
^vho have property and fpirit to fpeculate deeply in njining; though, 
as I have faid before, and cannot help repeating, it will not do for 
people of (lender fortunes^ or companies with (naall capitals; or under 
monopolies s or without liberal incentives or encouragements from 
government or otherwife. 

, *-With refpc£l to individual exertion, and encouragements to exertion, 
if a tontine were fet on foot, for raifmg,, a large fum of money, to be 

vetted 
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vfefted in feme public fund, for the purpofe of difcovering and work- 
ing mines, the capital and profits to be divided among the furvivors 
of the fubferibers at the end of feven, fourteen, or twenty-one years, it 
might be attended vfith, fuccefs, and when maturely confidered, feems 
a very eligible mode of providing for younger children. 

I (hall n(m beg permifiion to intimate fuch obfervations as have oc- 
curred to mc refpefting thofe particular places in the county of Corn- 
wall that I have thought moR: eligible for immediate adventures in 
copper-mining. There arc many old mines in Cornwall known to 
have been rich» and to have beendifcontinued at Only feventy or eighty 
fathoms depth, on account of the water> which could not be extrafted 
beyond that depth before Mr. WattsV fleam-engine was in ufe. 

Thefe mines might, perhaps, be brought into a good , courfe of 
working in two or three years, and the lords of the foil would be glad 
enough to have them fet to work. 

The manufa£hirers of Birmingham,* feeling the neceffity of working 
new mines, have formed a company among themfelves, which I was 
told, fix or eight mcmths ago, couki and would adventure two or three 
hundred thoufand pounds. They have taken very confiderable fets of 



♦ How far it may be politic for Comifh-men to fuffer manufaiturers to turn, miners, I (hall 
leave them to determine. 

milling 
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imning ground in Cornwall, have opened a-new feveral old mines; and/ 
from the fpiritfed manner in which thefe adventures began, it feemed 
Hkely that they would foon be produftive. It is much to be wiftied 
that the report of their having been impeded, and feme of them ' en- 
tirely defeated by the late violent check upon credit, may be unfounded. 

Thefe adventurers have taken, among others, two old mines in St- 
Hilary, called Hallamaning and Retallack. Thefe mines have been 
very produdlive, but flopped about ten years ago, at the depth only of 
about eighty fathoms. Steam-engines are erefting on them, and it is 
thought they may be brought into a courfe of working in a few years. 

They have alfo taken a fet of a large mine, called the Manor Mine^ 
in the parifti of Gwinear, which they have been working with great 
fpirit, and it was faid to be promifing. 

They have purchafed, I believe, a great part of a mine from the 
Rev. Thomas Wills, of Helfton, called Camborne Vein Mine. This 
mine lies adjoining, on the weft, to Wheal-Gons and Stray-Park, mines 
which I have already mentioned to have been very produftive, and 
as it poffefles all the veins of thefe mines, it may reafonably be ex- 
pelled to be produ6live, if wrought with fpirit. 

The parifh of lUugan has been long difcovered to be fertile in cop- 
per, and is emphatically the ground for mining. The moft profitable 

mine 
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mine now at work in Cornwall, or perhaps in the kingdom, is Cook's 
Kitchen in this parifli: fhe produces about three hundred and fifty tons 
of ore per month; and though neariy one hundred and fifty fathoms 
deep, is relieved of her water by two water engines, at a very fmall 
expence. She has five veins of exceedingly rich ore, has been com^- 
puted to produce fifteen thoufand pounds a year profit to the adveh- 
turers for the laft fix years; and this laft Michaelmas quarter fhe netted 
fix thoufand pounds, befides the Lord's dues, which are one-fixth, clear, 
of all the ores raifed. 

This mine is in the land of Sir Francis BAsset, bart.; who, as 
lord of the foil, and an adventurer, is fuppofed to receive from her 
alone near ten thoufand pounds per annum. 



Adjoining this, on the caft, in the land of 



Hunt, efq; is a 



mine called Tin Croft, which contains all the lodes of Cook's Kitchen ; 
has been wrought about a year and half, and promifes to b€ equally 
good. 

. Eaft of Tin Croft, Sir Francis Basset's land adjoins again, and 
runs for upwards of a mile and half, on the lodes of Cook's Kitchen 
and Tin Croft. ^ 



It is well known that the lodes in this land are remarkably rich, for 
Sir Francis Basset's father had a mine in it called Tregajoran Mine, 

H from 
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from which he vrds fuppofed to have received fifty thoufand pounds r. 
llie was flopped at no confiderable depth, on account of the difficulty 
of drawing off her water. There is now an adit driving from Cook'3 
Kitchen^eep adit thrdugh Tin Croft, into this land, which may be 

in about four or five years, and will nearly unwater Trega- 
j.oran mine, and render her again very valuable. 

* 

It is generally believed, that moft of the hills in all this part 
of Cornwall are pofleflJ^d of copper. Concerning this metal then^ 
our prefent greateft objefts are to promote produce , and to regulate 

application.. 

From the theory of copper-mining, it feems, that, generally fpeaking^ 
it takes eight or ten years at leaji to bring a mine into a good fteady courfe 
of working J and, fuppofing that the Confolidated, and other great mines 
which I have mentioned, exift no longer than three years, the mofb 
ftrenuous exertions maybe inadequate to the. produftion of a fbfficient 
quantity of copper to keep alive the manufaftures in which it is ufed;, 
and even fuppofing that there is a certainty (which, by the bye, to a 
certainty there is not) of finding the mines, which I have mentioned- to 
be now fetting to work,, very produftive; or of difcovering others 

equally fo, then there muft be at leaft a lapfe of five or fix years be- 

» 

tween the difcontinuance of thefe great mines now at work, and the 
period of produflion in the new ones: fo that it feems both the pro- 
pofed means in combination^ (viz. Reftraining the exportation of cop- 
per. 
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per, and opening new mines) though carried immediately into cflFeft, 
will be inadequate to fupply the demands of the mariuifaftories.— 
I am therefore led, thirdly, to 



STRICTURES ON THE APPLICATION OF COPPER TO VARIOUS IMPROPER, WASTE- 
FUL, AND PERNICIOUS PURP0SE8| AND TO ARGUMENTS FOR THE NECESSITY 
OF REFORMING SUCH ABUSES. 



TN the beginning of this work, I attempted fome elucidation of the 
ceconomy of metals, from their natural ftate to the finifhed manu- 
fadbire; and, I prefume, it will be found, that the ceconomy of the 
ufe of copper is an objeft highly worthy of attention. It has been 
obferved, that a pound of copper, the intiinfic worth of which, in an 
unmanufaftured ftate, does not exceed one (hilling, is capable of re- 
ceiving every degree of increafe of that value up to five hundred times 
or more by manufa6lure ; and it has been afferted, and I fear it is too 
feverely felt by many, that the manufafihirers, who . are capable of 
giving it this additional value, cannot procure fufRcient quantities of 
it to fatisfy their demands, to the great diftrefs of the induftrious 
labourers in that branch of bufinefs, thereby thrown out of employ, 
and confequently to the injury of the commonwealth. I have pointed 
out fome of the caufes of this mifchief ; but others, of ftill greater 
extent, and ftill worfe tendency, remain to be defcribed. Our copper is 

H 2 diminiftied 
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ilirainiflied by wafieful and wmecejfary modes of confumption : its pre^ 
fent univerfal mifapplication in naval architefhire (in the forais of 
fheathing, bolts, nails, inidder-works, and other metallic articles of 
fhips) iirft claims attention: for the immediate corretlion of thefe 
abufes, the profperity not only of our metallic manufadlurers, but of 
our trade in general, and the very fafety of our navy, call aloud. 

Not lefs than cwie-half of the produftion of all our mines is now^ 
annually mifufed in naval architedhirc alone> and full one-half of that 
quantity is walled in the fea every five years, by corrofionj to fay- 
nothing of what finks into immediate and irretrievable percUdon with 
the fhips that are daily foundering. It is a melanphdy truth too^ that 
while the increafing price and extravagant confumption of copper are 
ruimng our metal-workers, its application to naval purpofes is eating^ 
out,, endangering, and deftroying, our navy as well as our merchant 
fhips; confuming both public and private property, and rendering iron, 
which is the moft plentiful, the cheapefl:, flrongeft, and (except tin) 
the lightefl of all metals, and confequently the moft fit to be ufed iri 
fhip-building, entirely ufelefs for that purpofe; 

It is often and truly remarked, that the world is govemai hyfajbion^ 
and not by reafon. 

i 

How far this opinion is verified in the practice of fheathing, bolt- 
ing, &c. fhips with copper, I leave thofe who^ read what I have to fay 
on the fubjedl to determine. As 



^ ^ 
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As nothing but cc^per is now m ufe for thtfc purpofes, it may be 
fairly enquired by the merdiant and the mariner, " If copper fheathing 
«* be abolifhed, how arc the Ihips bottoms to be protected from the 
" attacks of the worm and the barnade?" 

To anfwer this, let us take a brief review oi fhip-fheathing-s fee 
how it came ab<Mit that co{^r is in ufe for that purpofe j and (in con- 
clufion) whether we cannot difcover forpething that will anfwer the 
purpofe as well, compofed of more plentiful materials, fumifhed at a 
lefs expence, and which fhall not merely be lefs mifchievous to the inr- 
terefts of the manufa6lories depending on copper, but have a pofitive 
tendency to give the due fupport to thofe interefts^ and even produce a 
frelh fubje£l for the exertions of labour and mechanical ingenuity* 



THE HISTORY OF SHEATHING SHIPS. 



^X THEN we became acquainted with the nature of traffic, and per- 
ceived the advantages which might refult from exporting, in our 
own fhips, the valuable produ6tions of our ifland; when our neighbours^ 
and the Eaftem nations (from the utility of our commodities) began ta 
court our acquaintance, and to treat us no longer as barbarians, and 
our commerce grew more univerikl; the improvement of naval archi- 
tecture 
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tenure (on which the fuccefs of commerce fo much depends) Iboa 
engaged our attention, and veffels, of various conftru6tions, were built» 
to anfwer the various purpofes of commercial navigation.* 

When we began to trade to the Southern climates, and our (hips of 
neceflity got into frefti water, and lay upon the mud, the career of our 
navigation, in thofe paits, met with a check, which for a long time 
difconcerted our mariners 3 an infeft, called the teredo worm^ came out 
of the mud, and ate the fhips bottoms full of holes, to the aftonifh- 
ment of the feamen, and to the very dangerous injury of the fhips. 

To remedy this evil was an important otgefl:, but could not for a long 
time be attained ; boards, pitch, tar, rofin, brimftone, and a variety of 
other articles, were tried for covering or fheathing (hips bottoms, to 
defeat the attacks of this worm 3 but nothing fucceeded 'till about 1670, 
when Sir Philip Howard, and Major Watson, ftated to parliament, 
that, with great charge and induftry, they had found out a new way, 
by means of an Englifh manufa6lure, to preferve the hulls of fhips 
from worms, &c. which was much fmoothcry and confequently better for 
failing ; cheaper^ and more durable than any fheathing or graving there- 

* ^^ Long flight ftiips for carrying maAs, balks, &c.i and (hort flrong ones for lead, iron, 

,*' &c.; one fort to trade at ports where they need not lie aground; another fort where they 

muft jump upon the fand twice every twelve hours ; fome for the Northern navigations, 

among ice; and fome for the South, among worms^ Uc,*' 

Sir William Petty. 

tofore 
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tofore ufed. The legiflature being fatisfied, upon examination, of the 
great probable benefits of the invention, as an encouragement to thofc 
gentlemen to make thdr (Hfcovery public,^ was pleafed to grant them an 
aft of parliament^ fecuring to them the fole property of their invention 
for fourteen years, with a prdiibition to all other perfons. This in^ 
vention was milled lead. 



About four years after, a Mr. Bulteel gave an account of this 
flieathing in a paper publiflied in the Philofophical Tranfaftions, Na. 
loo, p. 6193; in which he ftates, that experiments had been made on 
feveral of his Majefly's ftiips; and fays, that the fheathing, after three 
years, was found to be in as good contlition as at the firft doing, and 
that the fhips were fo tight, during the whole time, that the failors^ 
were obliged to heave in water to keep them fweet. 

In 1 69 1 (one and twenty years after the fheathing with lead was firflr 
praftifed) Sir William Petty publifhed his " Naval Philofopby^ and 
^ the New Invention of Milled Lead for Sheathing of Ships-,'' by which it 
appears, tliat about twenty fhips belonging to the navy had been then 
flieathed with lead. 



The officers of the navy, foon after this, began to make complaints 

againfl this fheathing 3 they reprefented, that though it anfwered the 

purpofe of defending the fhip from the worm better than any other 

flieathing theretofore ufed, and though fliips fheathed with it would fail 

^■' faller 
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fafter and better than unflicathed, or wood-fheathed fhips; yet, that 
thefe advantages were more than counterbalanced, by the danger the 
fliip was put in, by its ufej for that it had fo corroded and wafted the 
iron boks, under water, and rudder irons, and in fo fhort a time, as 
had never been obferved in any unfheathed or wood-fheathed (hips, 

*' The perfons interefled in lead fheathing publifhed a very fenfible 
** defence J ''^ but they could not contradift the faft, zndlead fheathing 
was difcontinued in the Britifh navy, on account of its defiruEHon of the 
iron bolts and rudder irons. 

The navy and merchant fhips were again expofed to the attacks of 
the worm, in the Southern climates, and to the barnacle; and thefhip- 
builders again endeavoured to guard the fhips frc»n them by the appli- 
cation of tar, pitch, &c. but their endeavours were as fruitlef^ as they 
had been before the ufe of lead. Afterwards one Joachim Smith got 
a patent for a glafs compojition^ or pafle, for fheathing fhips. After he 
had obtained the patent, he went to France, and clandeflinely offered 
this paflry to that court, whicli being known in England, and at the 
fame time his proceedings in England becoming known in France, his 
projeft, which, upon the very face of it appears to have been trivial 
and inefficacious, was fcouted by both. 



♦ Watson. 



Copper 
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Copper fheathing was next introduced, but it was focm found that 
the a6lion of the copper, upon the iron bolts, nails, and rudder works 
of the ftiips, was fo general and fo terribly rapid, as to eat off the 
heads of the bolts and nails in fo fhort a time, that many fhips, almoft 
new and apparently flout, fell in pieces upon a strainy or foundered 
fuddenly at feaj and others, from the iron work of the rudders being 
decayed by the copper, and giving way, had loft their rudders, and 

> 

perifhed from the impra6ticability of fleering them. 

So fenfible and fo great an evil could not but alarm all perfons in- 
terefted in the fafety of the trade and navy of the empire; and it was 
almoft determined, that copper fheathing ihould be difcontinued in the 
Britifh navy. The patrons of cc^per fheathing, however, oppoied 
this determination with great vigour; and every experiment that ima^ 
gination could fuggeft was tried to do away the obje6lions j at length, 
aningenious.mechanic of Birmingham* fuggefted the idea of fubfll- 
tuting copper bolts, nails, and rudder worki, for iron ones; and con- 
{lru6led a mill for making them. The immenfe expence of this plan 
was an obje6lion which the addrefs and influence of the patrons of 
naval coppering foon removed; fallacious calculations (fimilar perhaps 
to fome hereafter noticed) were obtruded upon the perfons to whom 
thefe fubjeCls are officially referred; copper was brought into general 



u 



♦ John West wood; he took a patent for fecuring the exercife of his invention, and the 
Anglejca Copper- Company** bought it of him for four tboufand pounds. 

I ufe, 
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nfc, not only in the navy, but (under that fanftion, and with the 
powerful auxiliary puffing) in trading veffels of all defcriptions: and 
the impreflions thus made by thefe fophiftical calculations, not having 
been hitherto detefted, feem ftill to retain their original delufory force : 
that they were fallacious and delufory, is not merely apprehended, 
but will be carefully demonftrated in the courfe of this work* 

When the cuftom of Iheathing with copper was introduced among 
the merchant (hips, the Iheets were about thirteen or fourteen ounces 
to the foot, and copper was about fix-pence halfpenny or feven-pence 
per pound. It gradually increafed to fixteen ounces to the foot; and a 
fliort time ago the Anglefea Company increafed their fheathing from 
fixteen to twenty-four ounces to the foot; and with the increafe of 
weight they increafed the price, and warranted their fheathing to ftand 
five years. 

It happened that this copper ftood but little longer than that which 
had been ufed before, and the Company were obliged, in about two 
years, to lay on new fheathing at their own expence. After this expe- 
riment they would warrant no more, unlefs the merchants would take 
the fheathing at thirty ounces to the foot, and pay for it tlurteen-pence 
per pound: and this is now aftually in ufe.* Thus copper fheathing. 



a 



♦ I'his they call " Improved Copper*^ The improvement lies in the weight and price; 
very pretty improvement for thofe who fell it ! It will be (hewn too, prcfently, that the fub- 
fiance of the metal had not been ^ improved,^ but debafed*. 

in. 
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m fifteen yenrs, has jumped from fix-pence halfpenny to thirteen-penGe 
per pound; and from thirteen to thirty ounces per foot; fo that it now 
cofts more than four times as much to fheath a merchant fhip with 
copper as it did fifteen years ago. 

I have been informed by old and refpeclable merchants, that the 
copper firft ufed for fheathing, though fo much thinner, lafted longer, 
and anfwered the purpofc better, than any has done lately. There 
feems to be no difficulty in accounting fcMT this: the fheathing, now 
called copper fheathing, is not copper ; at leafl it is not the fort of cop- 
per fheathmg that was in ufe ten years ago. It is not the produftion 
of our own copper mines; it is, according to the fairefl informations 
that I can obtain, a bafe mixture of the copper of all countries, old 
pots, boilers, Birmingham halfpence, bell-metal JkilletSy and a variety 
cf inferior compounds ^ in which perhaps iron* has a confiderable fnare* 

I confefs that I have never analyfed any of this fheathing, but I 
hazaid the conjeflure; and if the copper fellers deny it, how will they 
account for their copper fheathing being now fo inferior to what it was 
fifteen years ago ? and how will they account for its turning, as it fre- 



.«*- 



* It may l>e objeded, as iron will not fufe with the fame degree of heat as copper, that this 
cannot poflibly be; but I know that iron will fufe, in any metal ah^dy fufed, with a lefs 
degree of heat than is required to fiife it alone ; and, I believe, it may be Cbntrived to mix 
iron with topper. • 

I 2 quently 
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quently does in fea water, to a broivn inftead of a green ruft? But 
whatever be the caufe, the efFeft is certain. It is a notorious truth, 
that the copper fheathing now in ufe waftes fo faft, that before it has 
flood one year it wants repair; and that it feldom lafts more than three, 
and often not more than two years, before the fliips want almoft en- 
tirely new fheathing.* From this, and from the enormous price of 
copper, the merchants of late have not known how to determine on 
the ufe of it. Many of them, indeed, at Liverpool, Glalgow, and 
Briflol, have fent their fhips to Africa, the Eaft and Weft -Indies, and 
other climates, where the worm and the barnacle are moft abundant 
and deftruftive, with wood (heathing, becaufe the trade could not fup- 
port the cxpence of copper. 



« Being lately in Greenland dock, and feeing the Queen Eail-Indiaman lying there for 
repair, with her copper in a moft deplorable ftate, I had the curiofity to take from her bottom 
1 fmall piece of the foundcft part of the (heathing. I cut out of it half an inch fquare, (being 
in other words, one quarter of a fqoare inch) this weighed exa£Uy fix grains, which is fevtn 
owices per fquare foot. 

I was informed in the dock, that this fheathing was, when put on, thirty-fix ounces to the 
foot, fo that what remained on the (hip had loft juft five parts out of fix of its original weight; 
and, I fuppofe, that there was not above two-thirds of the (hip's bottom tiiat had any copper 
at all remaining on it. From tliefe drcumftances, it is pretty clear, that the owner of thi* 
(hip could not receive a drawback of one-tenth part of the flieathing that was charged to him. 
This was quite a new fhip, having made only two voyages to the Eaft-Indies, and had under- 
gone a thorough repair of her (heathing at the end of her firft voyage. 

Thefc 
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Thefe ccnfiderations have given birth to a variety of proje6ls, for the 
purpofe of fuperfeding the ufe of copper; but thofe projects have all 
of them vanifhed, either from defeats inherent in themfeives, or from 

m 

the overbearing influence of the monopolizers of copper. 

The arguments of thefe men, when any other metallic (heathing has 
been propofed, have been chiefly thefe: — ijl. That every metal but 
copper will attraft the barnacle, and foul at fea* zdly. That copper 
poflefles poifonous qualities, which, being extrafled by fea water, annoy 
the worm and the barnacle, and proted the fhip from their attacks; 
and that na other metallic Iheathing, for want of thefe qualities, will 
anfwer thefe purpofes. 

J m 

I 

Whether thefe notions fpring out of ignorance, or deceit, is not 
material to the quefl:ion : the impreflions made by them have been mit- 
chievous, ?Lnd they are not founded in truth. 

It will not be neccflary to enter into much theory or fcientific reafon- 
ing againfl: thefe pofitions, as they will be fufficiently refuted by the 
fafts which I (hall adduce. 



For the firfl:, the truth is, that lead fheathing was in ufe for upwards 
of twenty years; and that it was not for " fouling" that it was dif- 
continued ; but for rapidly corroding the irw bolts and rudder irons of 
the (hips. 

As 
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As to the feconci, it is certain, that however poifonous copper may- 
be to the human fpecies, it is not fo to fome kinds of fifh; oyfters, for 
inftance, on the Cornifli coaft, and pilchards, when drove to copper 
banks by larger fifh. A cod will live unannoyed and unhurt upon 
copper banks, and yet, from imbibing the copper influences, will be 
injurious to the human body as food* And, with refpeft either to the 
teredo, or the barnacle, being poifoned by it, I myfelf have ktn many 
fheets of copper fheathing taken from the bottoms of (hips trading to 
Africa and the Weft-Indies, and the planks and timbers within fo uni- 
verfally bored by the teredo as to refemble a honey-comb ^ and the 
barnacles fticking out from the joints and from the interftices of cor- 
roded copper fheathing, and fometimes even from the copper itfelf, 
not only unpoifoned, but in perfeft vigour and the full exercife of 
their mifchievous aflion. 

But even admitting^ that copper, when firfl put on, could operate 
to annoy the worm and barnacle, its whole fubftance, and of courfe 
its poifon, are fo rapidly diflipated in fait water, that it is evident none 
of the defured purpofes of fheathing can be effeftually anfwered by its 
ufe. Befides, as to the teredo, from the very mode of its attack, it is 
impofTible that any poifon from the copper can afFeft it. 

Do6lor Price (before-mentioned) having been engaged in endeavour- 
ing to difcover fome new method of defending fhip's bottoms againft 
the teredo, was naturally led to an attentive confideration of tfie nature 

and 
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and oeconomy of this iiifeft's attack; and having fet down the refult 
very fully in his '' Cornifh Mineralogy," I fhall not fcraple to quote 
what he has faid. 

" The Society for the Encouragement of Arts has repeatedly offered 
premiums for the bed compofition to pay over fhips bottoms, in 
order to defend them againft marine worms, which abound fo much 
in fome parts of the Eaft and Weft-Indian feas, that veffels, new off 
the ftocks, have been frightfully bored in their firft voyage. 

^ Our county being altogether maritime, and the miners being lituated 
in the moft narrow^art of it, between the two channels, many of our 
adroit tinners are equally acquainted with naval and fubterranean affairs. 
Sa true is this, that in St. Ives and Lelant, during the fifhing feafon, they 
are wholly employed upon the water, to the great hindrance of the ad- 
jacent mines; and> when the fifhing craft is laid up againft the next 
feafon, the fifhermen again become tinners, and dive for employment 
into the depths of the earth. We have more than one inftance of a 
common labouring tinner, after he has many years worked under- 
ground, becoming fo compleat a failor, as to be entrufted with the 
command of a large vefTel to the Baltic, the Levant,, or any other part 
^ of the globe.* It 



* Let us add, that this amphibious race have ever (hewn the grcatcft loyalty and moft 
alous attachment for our king and conftitutioni and that,, on account of the impoi:tanco of 

their* 
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** It is not therefore to be wondered at, that many of our tinners and 
failors have, reciprocally, attended to the objcft of the above-men- 
tioned premium : the poifonous qualities of our mundic have ingroffed 
their attention accordingly, and they have complied wi^th every direc- 
tion, with regaid to the payment of timber, with this poifon, but all 
to no purpofe. We have tried it in a preparation of our own, fub- 
tilized in fuch a manner as to be free from thofe cracks, after it is laid 
on, to which the mineral, by its fpecific gravity, when mixed with 
pitch and tar, is fubjeci. It will be needlefs to defcribe how we have 
tried it upon fome of his Majefty*s packet-boats at Falmouth, as the 
experiments did but partially fucceed to our wifh. Suffice it to fay, that 
no payment y however deleterious to animal life^ will anfwer our expefta- 
tions, unlefs it can be laid on in fuch a manner, and of. fuch confiftence, 
as to be equally fmooth, and free from the leaft crack or feparation ; 
and be of fuch impenetrable hardnefs^ when dry, as to equal metal; 
which alQne is proof againft the piercing auger of the teredo : even 
petrified wopd may be bored by the jaws of this worm, which, we are 
told, will penetrate ftone itfelf. 

** Monf. Dk la Voye fpeaks of an antient wall, in the Benedictines' 
Abbey, at Caen in Normandy, fo eaten by worms^ that a man may run 



tlieir mines and fifticrics, and the natural extreme ftcrility of their land, with rcfpeil to vegeta- 
tion, their wants arc perhaps more worthy of the attention of the Ie[:iilature than thofe of x\\c 
inhabitants of any other county in the kingdom. Whentlierc are infurrca ions among thcin 
for want of breads it might be more humane to put a hafhwo tlicir ftomachs than a buycfut. 

hi 
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his hand into moft of the cavities.* Hence, we will take upon us to 
fay, that no payment whatever, even the moji poifonousy will effefl the 
refiftance required; for the worm, firft of all, introduces its auger, 
which is a callous fhell-like infenfible inftrument, through the matter 
which is laid upon the wood, and continues working 'till it has made 
a deep impreflion into the fubftance of the timber, when it takes a 
turn, and works along with the grain of the wood, which it then feeds 
npo0, and not before; whereby we fee it has efcaped beyond the de- 
figned caufe of its defl:ru6iion, before the vital or animal part of it 
comes into a6lion; fo that we may be affured, that no payment will 
iecure our (hips bottoms, but impenetrability itfelf. 

** A quantity of the preparation-f- here fpoken of was fent, fome time 
ago, to an eminent fhipbuilder at Rotherhithe, who returned for 
anfwer, * That he was very well fatisfied that the compofition would 

* ftdfil the moft fanguine expeftations ; but he thought it not the pro- 

* per bufinefs of a fhipwright to advance or encourage &ny fuch under- 

* taking, however laudable in the eye of the public ; and, he fuppofed, 

* every other artificer in his way would be of the fame mind.'J And, 

in 



* Philofophical Tranfaftions. 



^ f Sec p. 64. 



X The fentiments of tliis fhipbuilder were more ingenuous than thofe of moft of his trade 
though there are fome among this wealthy clafs of artificers, who, though they will not en- 
courage, yet poflefs a fufficieht degree of patriotifm not to fupprefs ingenious contrivances df 

K this 
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in confequcnce of this rcafoning, a few hundreds weight of this 
paration were thrown into the Thames. We likewife recommended a 
trial of it to another (hipbuilder in this county, who ingenuoufly faid> 

* That he would firft wait fome trials of his own upon mundic, very 

* finely pulverized;' but he would not regard, or did not underftand^ 
my reafons againft the bare poflibility of his fuccefs. 

** The efFeft, however, that cannot be obtained by external applica- 
tion, in the payment of a fhip's bottom, may be produced by pre- 
vioufly faturating the planks of which the bottom is formed. The 
planks that are laid upon the bottom or fide of a (hip are firft feafoned^ 
in hot water, in order that they may be flexible, aad yield to the form 
and fhape of the mould upon which they are laid. It is, therefore, 
only neceflary to infufe and mix with the boiling medium a quantity 



this fort: certainly, it is not to (hipbuilders that we are to look for improvement in the^Arr^- 
hility of (hipping. Yet there are (hipbuilders liberal enough to allow, that if a (hip can be 
made to laft thirty years, inftead of ten or (ifteen, the merchant will be enabled to have two 
fliips where he cbuld before have but one ; and the incrcafe of his trade will increaie the de- 
mand for (hipbuilding. They alfo obferve, that if the price of a veflel be, in the dlfFeitnce 
between iron and copper, reduced one- third, a correfpondent faving is made in the articles of 
intereft, rifle, and infurance. Whatever enriches the merchant, enables him to employ more 
cxtenfively the (hipbuilder. And tljis is not merely the language of liberality, but of found 
fenfe. It is the natural courfe of things, that advantages (hould beget advantages; and the pre- 
judices at (irft conceived againft the fpinning machines, and other contrivances for (hortening 
certain operations, have been entirely done away in various parts of the kingdom, by an abua* 
dant and happy experience of the truth of this principle. 

of 
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of the above-mentioned compofition, which is one of the moft a6tive, 
impalpable, and fubtil mineral minima^ fpecifically to be obtained; and 
will infinuate itfelf, and enter into the pores and vafcular conftitution 
of the timber, which, being thus wholly faturated, will have all the 
power and acculeated exertion of the moft efFe6live poifon ; fo that if 
' the teredo penetrate through the outward part of the wood, whenever 
he turns to feed upon the grain of it, he will be immediately de- 
ilroyed."* 

The only part of the copper {heathers' arguments, in fupport of 
their fheathing, that remains unanfwered, is the alTertion, that every 
other metallic (heathing will attraft the barnacle, and foul at fea. This 
argument feems to fuppofe the barnacle a fea filh, or marine infeft, 
whofe inftinft feems to direft it to attack (hips' bottoms; and that, for 
want of poifbnous qualities, nothing but copper fheathing will pre- 
vent this inconvenience. The anfwer is, that the barnacle is not pecu- 
liarly a fea fifh, or marine infe6l. 

There are feveral curious papers publifhed in the Philofophical Tranf- 
aftions, I think, about feventy years ago, to prove that the Iparnacle 



* This hypothefis of DcxSor Pryce, of faturating the wood for planking fliips bottoms 
with his mineral compofition, certainly pofleffes a great deal of ingenuity: were the compofi- 
tion pracElically anfwerable to that hypothefis, it would feem to be ineftimable; but I do not find, 
or believe, that any experiments were ever made to afcertain its utility; and xh^fpecificfecret^ 
whatever it was, has been long buried with its ingenious author. 

K 2 grew 
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grew on oak trees, and was changed into a bird of the goo(e kind, in s 
way fimilar to the change of the caterpillar into the butterfly^ but as 
thefe hypothefes are rather too fabulous for the ferious deiign of my 
book, I muft content myfelf with obferving, that its namei as deriv^ 
by Johnson, fignifies "The child of the oak;" and he defines. it, in 
his folio didtionary, to be a kind of (hell fifh, produced by timber laid 
in water. 

The oeconomy of this creature feems to be,, that, timber in water 

$99, 

being its proper matrix, it is either generated hyJjU or fettles on it in 
fome early ftagc of exiftence, and grows, matures, and continues in 
that ilation, until it is removed by fome accidental cau(e, or attuns the 
natural period of its being. 

It follows then, that if a vefTel be £0 (heathed as to prevent the watar 
from coming in contaft with its timber, the embryo of this creatuie, 
whether inherent in the timber, or the water, will be deprived erf the 
caufation of its exiftence. Hence alfo it muft be inferred, that when 
we fee copper-ftieathed -fhips fouled, it muft have arifen from the fea 
water pafling through interftices in the fheathing, and penetrating the 
tarred paper which is placed between the fheathing and the ftiips' bot- 
toms, and by that means coming m contaft with the planks of the 
fhips. This contaft conftituting, as has been juft obferved, the matrix 
by which the infeft is produced, the embryo barnacle fettled on the 

m 

plank, and nourifhed either by the plank, or the water, or both, remains 

ftationary; 
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ftationary; and, as it increafes in fize and ftrcngth, protrudes its hard' 
fharp (hell through the fheets of copper, as( from continual and ine- 
vitable folution) thefe fheets become either thin or calcarious. The grafs 
and w^s found fb very plentifully on the bottoms of fliips, and which 
are fuch impediments to their failing, are alfo produced by the fame 
caufe, viz. the contaft of fea-water with the furface of the wood. 

Finally; the affertion of the copper-fheathers, that every metallic 
fheathing but copper will foul (that is to fay, produce thefe barnacles, 
grafs, and weeds) is totally unfounded; as metals of all defcriptions are. 
abfolutely inimical to vegetation. 

In thefe circumftances then, as nothing but a metallic fubjiance^ as far 
as we at prefent know, will anfwer the end of defending fhips from 
thefe infers, it becomes an enquiry of great and national concern to 
afcertain what metal, or composition of metals, for sheathing 

SHIPS, WILL best defend AGAINST THE TEREDO AND BARNACLE; 
BEST resist THE ACTION OF SEA WATER; LEAST INJURE THE TIM- 
BERS, CALKING, AND IRON WORK OF THE SHIP; FOUL THE LEAST; 
GLIDE MOST EASILY THROUGH THE WATER, AND, PARAMOUNT TO 
ANY OF THESE CONSIDERATIONS, FROM THE CONSUMPTION OF WHICH 
OUR METALLIC MANUFACTURES WILL BE LEAST INJURED AND MOST 
BENEFITED. 



This problem will meet fome confideration in the following part of 
this work, which I fhall call 



A GENERAL 
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A GENERAT. ACCOUNT OF THE METHODS HITHERTO IN USE FOR 'PREVENTING 
CORROSION IN COPPER, IRON, AND BRASS, BY TINNING; AND OF A NEW AND 
MOST IMPORTANTLY ADVANTAGEOUS METHOD OF TINNING, TO WHICH I 
SHALL GIVE THE NAME OF 

ANTI-CORROSION; 

IFith correfpondences^ certificates^ and other documents^ of the Lords of the Admiralty ^^ Ma/Ier^ 
General of the' Ordnarice^ Officers of the Army and Navy .^ Merchants^ and otherSyto prove the 
fuperior utility of this lajl ^mentioned methods and the importance of its application to metallic 
ivorks in naval and civil architeSiure^ military^ and various other important purpofes. 



T^HE improved ftate of moft of our metallic manufafhires was, 'till 
very lately, more owing to cafual and accidental difcoveries of illi- 
terate workmen, than to fcientific inveftigation. , . 

The fhidy of chemiftry had been attended to, chiefly for the gratifi* 
cation of particular interefts, or curiofity; and the inventions and dis- 
coveries of ingenious and learned men, inftead of benefiting fociety,' 
had generally been loft, when one of the wifeft and beft men of the 
age happily thought proper to take up this fcience, on the moft en- 
larged and philanthropic views; and the popular way in which he 

has 
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has treated it, will> no doubt, bring it into familiar and general 
application.* 

The philofophy of paft ages had been rather calculated to difplay 
the powers and fubtilty of the human mind, than to make men richer, 
wifer, or Jiappier; and,, without vanity, it really feems to have been, 
referved ior the prefent age, to purfue fcience from thofe noblefl: of 
human motives, the perfe6lion of public governments, and the general 
happinefs of fociety. 

III an aera, fo aufpicious to ufeful invention, even ordinary and hum- 
ble capacities, direfted, as it were, into the right road, by the plaia 
and accurate principles afcertained by brighter geniufes^, and ftimulated 
by their example, may co-operate in the general advanicigaeiu^oL.urefui 
knowledge, and gradual command of the powers of nature.-f- 



It was in fuch happy times, and favourable circumftances, that the 
author was led, through a courfe of experiments and obfervations, to 
the perfedion -and application of the difcovery which he has called 



* Doftor Watson, the bifhop of LandafF, has treated chemiftry much in the fame way 
as the late Judge Blackstone treated the law; and it may be hard to fay to which the 
nation is moft indebted, whether to the one for his " Commentaries on the Laws of England,'* 
or to the other for his " Effays on Chemiftry." 



t *^ Natura obtemperando vincitur." Bacon. 
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ANTi-CoTiRosiOiN: a difco very which, he has been encouraged to hope, 
may be ranked among the moft important of the prefent or any oth^r 

times. 

The application of tin to copper, for the purpofe of preventing it 
from corroding, is a pra6lice of long ftanding. 

It appears by Pliny, in the thirty-fourth book of his Natural EBftory, 
that the fame method of tinning copper veflels, for the purpofe of 
making them wholfome, and reftraining the virulence of ruft in them, 
which we now ufe, (viz. that of fmearing the tin over the copper) was 
known to the Romans at the time he wrote: '* St annum illitum amis 'oa/is, 
^^ faporem gratiotem reddit^ et compefcit aruginis ^irus, mirumque, pondus 
^^iOQiQifm/^i:60 and that they had alfo another method of tinning 
copper, which I have frequently praftifed, that of boiling tin into 
copper. (Piun^bum) " Album incoquitur^ areis operibus^ ita ut vix dif^ 
*^ cerni pofjit ab argento^ eaque incoSiilia vacant '* If I do not mUkppre* 
h^nd the meaning of this illuftrious writer, in the paflfages quoted^ thtt 
experiments 1 have made in reference to it, fhew hlfti , to have been 
miftaken. He fays, the copper did not, by being fmeared with the 
melted tin in the firft operation, increafe in weight; now it is evident 
that, as in this operation no part of the copper can be wafted, the tin 
fmeared upon it muft be fo much weight of tin added to that of the 
copper: but as to the fecond experiment, upon which he is totally 
fdent as to weight, the weight of the copper, in that operation, might 

not 
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not only be unincreafed, but abfolutely diminilhed; for the copper, 
from being long boiled in the tin, might have been wafted. The ex- 
periments I have made in this way, have generally been on pieces of 
fheet copper; and I have found that when I have taken the copper 
from the boiling tin, as foon as I have perceived it to be coated by 
the tin, it has gained weight ; and after having piit it again into the 
tin, and left it to boil for a confiderable time, I have found, on taking 
it out and weighing it, that it has loft weight; and, in thefe laft ex- 
periments, 1 have obferved this curious faft^— that in the firft 6F theift, 
viz. when the copper has gained weight by being tinned, it has affuhifed 
(imply the appearance of tin, in which cdfe I tak6 it thfe cdp^r is 
merely coated; and when by the fecond experimfeht it haS loft height, 
it has affumed fuch an appearance, that (like Pliny's wx iHJcthtt pbfjk 
ab argent o) it can fcarcdy be diftinguiftied from filver; frotti which I 
am led to think, that as the furface of the copper ^pproachids tdWirdS 
Q ftate of fufion, it mixes with the boiling tin, and a partial conibiha- 
tion takes place between the two, which produces a new metallic furfdfcc 
on the copper thus treated, materially different both frotn tin and from 
copper; fo that perhaps the words " mtrumque pondus Hon augtf' in ?linyi 
fhould not have been placed where they now ftind, in the firft quo- 
tation, but have followed the word " argentd' in the fecond; a mifliake 
which, confidering Pliny as writing popularly, might eafily be made. 



The former of the procefles which he mentions, may probably have 
been handed down to us by the Romans, but the latter feems to have 

L been 
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been totally loft. He fays nothing of any preparation that the copper 
underwent to enable it to receive the tin. V/hat is now in ufc for that 
purpofe is a folution of fal ammoniac. 

Brafs may be tinned in both the modes I have defcribedj and, by the 
laft procefs, very elegantly. 

The art of tinning iron feems to be of a much later date than that 
of copper. The only account of its origin that I have feen is given 
in a valuable little quarto book, publilhed in 1698, entitled " Englands 
Improvement by Sea and Land^ and the way to beat the Dutch without 
fightings by Andrew Yarranton, gent." by which it appears that the 
invention of tinning iron plates, commonly called tin-plate, and fbme- 
times block-tin, to which article the tinning of iron was 'till lately 
nearly confined, originated in Bohemia, was carried from thence by a 
Romifh prieft converted to Lutheranifm into Saxony in the year 1620^ 
and brought by the adventurous and patriotic Yarranton himfelf, at 
the rifk of his life,* from Saxony to England, in 1670. From the 
(hortnefs of life, however, he did not enjoy the fruits of his exertions 
in this, or any of the many other valuable projefls, of which he was 






« 



The punifliment of pcrfons, convidted of furreptitioufly attempting to carry out of that 
country, the knowledge of any of its manufadtures, was to cover them with tar, and in 
that date to bum them alive. 

the 
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the author.-f* By the knavery of fome felfifh individuals (who, per- 
haps, had contributed to the expences of this enterprize, and who art- 
fully obtained a patent for making the material) he was tricked out of 
all poflibility of eftablifliing a manufa6lory of tin-plates, now fo va- 
luable to this country; the patentees, not underftanding the procefs, 
(though they had fworn they did) never made any plates, and the fub- 
je6l numbered till abou^fS&tenty years ago, when it was revived at Pon- 
tipool, and is now known in moft parts of Europe, though the Englifh 
m^ufa6lure is the cheapeft and moft efteemed. 

The manner of tinning iron plates is very accurately defcribed by 
Doftor Watson, in the fourth volume of his Eflays, thus, 

'* When the iron plates have been either hammered or rolled to a 
** proper thicknefs, they are fteeped in an acid liquor, which is pro- 
'* duced from the fermentation of barley-meal, though any other weak 

t The idea of cutting canals, through different parts of the kingdom (of which he was 
the author) was taken no notice of '^ 'till he had been dead an hundred years;" that grand 
medium of commerce — bills of exchange, of the true principles of which he may alfo be con- 
fidered as the inventor, was not brou^t into any general ufe 'till within thefe laft thirty or 
forty years ; and his rational and comprehenfive fcheme for edablifliing publick r^ffaies of 
landed eflates, to obviate titles, facilitate loans of money, and avoid the enormous expences that 
have hitherto attended thefe tranfadlions, from the intricacies of private titles, and the errors, 
deceits, and iniquities of the agents* ufually employed in them, ftill remains unattended to. 

* I have known iniUnces where attornies, by transferring a loan of money from one name to another, have 
in a few years gained, from this infamous pradUce, more than the value of the eflate or the fecurity of which 
the money was fu-ft lent. A means of removing thefe mifchiefs may be worthy of conlideration, and may 
very properly make a part of my ^ attempt" in a future volume. 

L 2 ** acid 
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" add wQuid anfwer the purpofc: this ftecping and a fubfequent 
" fcouring cleans the furface of the iron from every fpeck of mft or 
" blacknefs, the leaft of which would hinder the tin from (ticking to 
" the iron, fince no metal will conlbine itfelf with any earth, and ruft 
*' is the earth of iron. After the plates have been made quite bright, 
*• they are put into an iron pot filled with melted tin; the furface of 
J " the melted tin is kept covered with fuet or pitch, or fomc fat fub- 
" ftance, to [Prevent it from being calcined; the tin prefently imites 
" itfelf to the iron, covering each fide of every plate with a thin white 
" coat; the plates are then taken out of the melted tin, and under- 
** going fome further operations, which render them more neat and 
*^ faleable, but are not eflential to the purpofe of tinning them, they 
«< are packed up in boxes, and are every where to be met with in com- 
^' merce under the name of tin-plates, though the principal part of 
" their fubftance is iron; and hence the French have called them fer 
•* blancy or white iron. Sir John Pettus fays, that they were with us 
•* vulgarly called latterly tho' that word, I thinks more ufually denoted 
** brafs.* Tin is not, but iron is, liable to contrad ruft by expofurc 
** to air and moifture, and hence the chief ulc of tinning iron b to 
•* hinder it from becoming rufty; and it is a queftion of fomc impor- . 
*' tance, whether iron of a greater thicknefs than the plates we have 
" been fpeaking of might not be advantageoufly tinned. I defued a 



♦ This may fervc to obviate my doubt exprefled in the note in page 30, which was printed 
off before i oblcryed this opinion of Doiilor. Watson. 

*• workman 
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" workman to break off the end of a large pair of pincers, which 
" had been long ufed in taking the plates out of the melted tin; the 
" iron of the pincers feemed to have been penetrated through its whole \ 
" fub^ance by the tin; it was of a white colour, and had preferved its 
'* malleability. It is ufual to cover iron ftirrups, buckles, and bridle 
** bits, with a coat of tin, by dipping them, after they are made, into 
" melted tin ; and pins, which are made of copper wire, are whitened, 
** by being boiled, for a long time, with granulated tin, in a lie made 
** of allum and tartar. . Would the iron bolts ufed in Jhipbuilding be pre^ 
^^ ferved from rufting^ by being long boiled in melted tin? 



The fourth volume of the Chemical Eflays, from which the above 
extraft is taken, was not publifhed 'till 1786; but the difcovery of boil- 
ing tin into iron, which Doftor Watsqn made by the breaking of the 

fl 

pincers, and. the fuggeftion of treating iron in that way for fhips' bolts, 
had gone abroad in the newfpapers a confiderable time before : nor did 
the hint pafs unnoticed: feveral attempts were made upon it, but unfor- 
tunately they were made by mechanics not fufficiently acquainted with 
the nature of metals, and they all fell fhort of penetrating the iron. 

The two principal claimants of this difcovery were a Frenchman, ^ M.^:tkz ^i^Oii^ 



Majefty, who at that time lived in the King's-Mews at Charing-crofs, 
The Frenchman applied for a patent, to fecure to himfelf the exercife ^ 
and benefits of his invention: Kerr, getting information of this, 

claimed 
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* 

claimed the invention as his, and took fome fteps to prevent the patent 
from proceeding : after fome contention between thefe two men, each 
claiming the right of a difcovery which belonged to neither of them, 
it was agreed that the matter fhould be referred to the decifion of Mr. 
More fecretary to the fociety for encouraging arts, maniifa£hires, and 
commerce. It tumed out that the Frenchman was either ignorant of 
the true principles of this difcovery, or elfe that his interpreter (for 
Mr. More could not at that time fpeak French) was incapable of un- 
derftanding and tranflating his meaning; and the decifion of Mr. 
More was in favour of Kerr, to whom, with others, the patent 
was afterwards granted.* It laftly, at a very confiderable expence, 
came into my hands. I foon fufpefted, however, from the finattering 

Ihad 

* I incline to think the Frenchman might have been mod fiairly intided to the potent in 
England; for about two years after it appeared by L'Efprit des Joumaux, Mai 1785, that a 
difcovery had been lately made at Paris of a method of giving to copper or iron a coat of any 
required thicknefs, by tinning them: the compofition ufed for the tinning was not mentioned; 
but it was faid that a piece of copper, which in the common way of tinning abfoibed only 
twenty-one grains of tin, abforbed of the new compofition four hundred and thirty-two gnuns; 
and I am fure Mr. Kerr never did any thing like this. I have been informed that thb^ 
Frenchman was found murdered, foon after it was known that he intended to puhliih his dif- 
covery, and it was fuppofed to have been done at the inftigation of the people inteiefled in 
the copper- works at Paris, to prevent its getting into general ufe, which they by this barin- 
rity pretty completely effedled; not however by facrificing the life of merely one man to their 
purpofe, for thoufands have fince loft their lives in France by eating food drefled in copper 
veflels, ftx>m which the tin has been worn off. 

" Fiance; 
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I had in chemiftry, that I had been too precipitate in my bargain; for 
the poor old man (Mr. Kerr) knew as little of the principles of bis 
invention (as he called it) as he did of the fubftance of the fun. 

Though a very young man, I had met with difappointments enough 
to know that it would be right to make the beft of a bad bargain; and, 
as the firft preliminary towards it in my own cafe, commenced the 
fhidy of metallurgy. I vifited the tin-plate manufaftories of London, 
Pontipool, &c. to difcover, if poflible, if there were any and what dif- 
ference between the common procefs of tinning the plates and the 
method 'ufed by Mr. Kerr : the only difference I could difcover was, 
that the tin-plate manufafturers ufed for cleaning their plates the acid 
mentioned by Doftor Watson, [fee page y^] and that Mr. Kerr ufed 
the fpirit of fea-falt diluted with water. In all other refpefts the 
procefs was exaftly the fame, faving the alterations that were neceflary 
for the different articles to be tinned. 



I afterwards went to Birmingham; and with fomc difficulty got ad- 
mitted into the workfhops of the beft tinner there, to fee the procefs 
ufed by him for tinning fmall tacks, buckles, &c. He would not let 
me fee him work; but by looking attentively at his apparatus,, and 



" France. National Convention, Jan. 17, i793- A letter was read from the phyficians 
** and furgeons of the military hofpitals of Dunkirk; who have difcovered that the caufe of 
^^ the great mortality which had prevailed of late in thefe hofpitals, was the verdigris which 
" fettled at the bottom of the foup-boilers." ■ W0RI.0. 

converfmg 
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converfing freely with him, I difcovcred that he ufed the feme acid for 
cleaning his articles to be tinned, as Mr. Kerr uled; but inftead of 
putting them, when cleaned, into a pot of melted tin, as the tin-plate 
manufa6hirers and Mr. Kerr did, he ufed (as well as I could learn) the 
following procefs : — He had an earthen pot, quite round, with a fmall 
mouth to it, which would hold probably about a gallon, into which he 
put the articles to be tinned, and with them fo much tin as he appre- 
hended would be fufficient to tin them, which was in general about 
half an ounce of tin to a pound of articles : he then flopped the mouth 
of the pot quite clofe, with a ftopper of coarfe hempen cloth, and put it 
into a fort of oven, heated with a fire of charcoal or dry wood, hot 
enough to melt the tin; in this he moved about the pot and (hook it, for 
fome time after he thought the tin might be melted, in order to make 
the tin flick to the articles; he then took out the pot, and fixed it in a 
frame made for the purpofe of receiving it, removed the ftopper, and 
threw a fmall quantity of fal-ammoniac into the pot to a£l as a flux, 
and replaced the ftopper j — he then, by a Winch, connedled with the 
frame, whirled tht pot round, as on a grindftone, as faft as he could, 
for five or ten minutes. By this operation the tin completely covered 
the articles with a thin coat, and, by the help of the fal-ammoniac, made f^ 
tfitt^ fet quite fmooth. When this was done, the mouth of the pot 
was partly opened, and the articles dropped out, and fell diftin£Uy into 
a tub of water placed underneath for the purpofe of receiving them, 
which immediately cooled them, and prevented their flicking together, 

which they would otherwife have done. 

•The 
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The tinner would not tell me what compofition he ufed in this pro- 
ccfe of tinning; but being permitted to take away a bit of it, I found 
it to contain about twenty parts of tin and one of coppei'. So tena- 
cious are thefe people of their Djrocefs of tinning^ that fome gentlemen 
of Birmingham would fcarcely believe that I had'^mSmiSm^ Tms ' 
man told me that he gave an hunched guineas, and feven years fervice, 
to learn this art from the perfon who invented it; that there were only 
two more in Birmingham who underftood it; and that it was not 
known in any other part of the world. The articles tinned by this 
man h^d a very fmooth and filvery appearance; but the coat of tin laid 
on by this mode of tinning is to very thin, that it foon wears off. 

I found alio, that currycombs were tinned, by cleaning them with 
Ipirit of fea fait diluted vnih water, and then dipping them into pots 
of melted tin; and at Walfal, (near Birmingham) a town whofe ma- 
nufaflures confift chiefly in bridle bits, ftirrups and fadlers' iron- 
mongery in general, I learnt that thofe articles had been tinned in the 
fame way there for twenty or thirty years ; fo that the only thing to 
be clsdmed by Mr. Kerr was — the novelty of the application of tin to 
articles not before ufually tinned, and that, in faft, was fuggefted by 
Dr. Watson. 

By no means difcouraged, however, by the refult of my enquiries, I fet 
about making experiments of all kinds that my imagination could fug- 
ged in reference to theie fubje£ts : I knew diat it was poflible to boil tin 

M into 
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into iron, not only becaule Dr. Watfon had faid it, (though that» as 
I confidered his veracity to be unimpeachable, would have been^enough 
to have induced me to believe it) but becaufe I had made a fimilar diA 
covery myfelf , by a fimilar accident ; but I found that the time requi- 
fite to perform it was near a week, wluch made it too tedious an ope« 
ration for a popular manufacture. To difcover a nnans of capacita* 
ting the iron to receive the melted medium intOiits pores in ajhort time^ 
was the obje£l to be aimed at, nor did I defp^r of making that dii> 
covery : It became neceflfary, in the firft place^ to find out bow the tin 
penetrated the iron, and why it took fo long a time;-*at length it^ftruck 
me, that it was the continued heat that the iron underwent while in 
the boiling tin, that foftened it, and opened its pores, and by that 
means enabled the tin gradually to impregnate it. This idea induced 
me to make the tin fo hot as to caufe the ircxi that was put into it ta 
be foon red hot; and by this experiment I found the tin penetrated the 
iron pretty confiderably> in a much fhorter time than when the tin waa 
not hot enough to make the iron trd hot. 

The circumftance menticmed by Dr. Watsom,* of the bottom of 
an iron pump being fb foftened by ftanding in a well of vitric^c water 
in the coaUworks at Whitehaven, that a man could cut it with a knife 
as eaiily as he could cut black lead, led me to conceive that to ibak the 
iron for a coniiderable time in a (trong vitriolic water befoce immer-^ 



♦ Vol, L p- ai8. 
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ging it in the melted medium might anfwer my purpofc j and by thefe 
and (bme other experiments (which, as the fuccdfs of the operation 
chiefly depends upon them, I think I may be fairly excufed from pub- 
liihing) I hav6 difcovered a method of impregnating iron fufficientiy 
dj^ to defend it againft corrofion long enough for the common pur- 
po&s to which it is applicable, in a fpace of time ihort enough to 
render the manufafture fufficientiy cheap for general application 
and confumption: — I fhall therefore now give a general defcription of 
the procefs, which I call anti-corrosion, and then proceed to fome 
experiments, which may explain the effed: it has in prefen-ing iron 
againft the attacks of ruft — fome obfenrations on its applicability to 
various important purpofes, and on its fiiperiority over the metals 
now in ufe for fuch purpofes. 

The procefs then, by which anti-corrofion is efFefted, confifts in a 
certain preparation of iron (a fubftance naturally fufiepttble of corrofion) 
by which preparation that fubftance is rendered capable of imbibing cer- 
tain metallic mixtures (in fufion) that will not corrode nor be corroded 
for many years j and then in immerfing and boiling fuch iron in fuch 
metallic mixtures, until it's pores are completely faturated (or impreg- 
nated, filled, andclofed) and it's furface is ftrongly coated; by which 
it is efFeftually defended againft ruft and corrofion, whether occafioned 
by the aftion of the atmo(pheriq)f;air, or damps, or water, or the falinc 
alkali or acid particles of fea water, or any other of the common caufes 
of corrofion in fimpl« iron. 

M 2 Thij 
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This account will, it is hoped, fufficc to indicate the principles of 
the anti-corrofive procefs, as well as the \ifcs and advantages of the 
difcovery in general; to which therefore it need only be added, that its 
exiftence and important utility does not reft merely upon fpeculative 
probability, but likewife upon many and various demonftrativc expe- 
riments, repeatedly made under the infpeftion of fevere and intelligent 
obfervers, whofe letters and certificates are here publiftied for the con- 
viflion and fatisfaftion of the reader. 



EXPERIMENTS. 



It was fubmltted to the confideration of the Lords of the Admiralty^ 
(in a ftate very fhort of it's prefent perfeflion) for fhips* bolts, &c. 
in the year 1783; and by their Lordfhips' dire£tions, the following 
experiments w^ere made, viz. On the 28th of April 1783, two pre- 
pared iron bolts, fit for large fhips, were driven into a piece of green 
TIMBER, COPPERED, iu the fame manner as in fhips' bottoms; — two 
other bolts were driven into a piece of green timber not copperedi 
two others into a piece of dry timber coppered, and two others into 
a piece of dry timber not coppered. All thefe were put to float 
in fea water at Portfmouth, where they remained two years and three 
months, viz. till the 12th of July 1785, when, by order of the Navy 
Board they were taken up; and all of them came out as found and 
perfe£l, as when firfl driven; as appears by the following certificate 
from the Officers of Portfmouth yard to the Navy Board : 



cr 
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" Portfmouth, 12th July, 1785. 

'« In obedience to your directions of the 26th and '28th April 1783, 
we have taken up the bolts drove, &c. and laid down agreeable to 
your above directions, packed them in four boxes, and put them on 
*• board the Deptford tranfport, bound for the Rivcr,thc boxes marked 
^* as under, viz. 

** Bolts drove in green timber coppered. 

'* Ditto ■ — not coppered. 

" Bolts drove in dry timber — coppered. 
** Ditto — — — — not coppered. 

*' and beg to obferve that we did not find them in the leajl injured. 

" Having been drove only two years, we think the time too ftiort 
** for a proper experiment." 

After this experiment, an application was made to the Navy-Board 
to get the manufadture introduced into his Majefty's Navy, but from 
feme impediment or other, it was not attended to:— the application 
was then dircfted to the Lords of the Admiralty; the refult of which 
will appear by the following correfpondence: 

Copy of a letter from Philip Stivxns, Efquire^ Secretary of the Admiraby\ 

to the Proprietor of tbis di fernery. 

«< Sir, Admiralty-Oflicc, 23d Sept. 1785- 

" My Lords CommiflSoners of the Admiralty, having referred to the 
" Navy Board for their confideration, the propoials which their Lordr 

•"Ihips 
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^^ fhips rccdvedfrom you thp J4th inftant, for introducing your bolts 
^< into ufc in the Royal Navy, and direfled that Board to let them 
^* know the difference of cxpence betw^n your bolts and copper bolts j 
** and the Navy Board having, by their report of Ac 20th inilant, rc- 
" ported that they are of opinion the ufe of copper Jbolts fucceeds fo 
** well as to fuperfede that of all others, and that they apprehpnd they 
^* are cheaper* than the bolts invented by you, f rqni the comparifon 
** that accompanied their letter; — I am commanded by t^eir Lordfhips 
** to fend you herewith copies of the . faid letter and cpmparifon for 
** your informgitioa. 

** And am, Sir, &c. 
(Signed) '' PHILIP STEVENS^ 

Copy of the letter inclofed in the above, viz. 

^Jr Cmmiffioners of the Navy Board to Mr. Stevens, Secretary of the 

jidmiraky. 

^' Sir, Navy-Office, 20th Sept 1785. 

«' In anfwer to your letter of the 1 5th inftant, fignifying the direc- 

^' tions of the Right Honourable the Lords Commiflioners of the Ad- 

^< miralty, to take into oonfideraticm the propo&l for introducing the 

^ prepared iron bolts into ufe in the navy; and at the fame time to let 



« It will appear, an the courfeof this work, that the reipe£Uve advantages and dUadvantaget 
of thefe two rivsd iiianii£idnits, were not fiiflkiently fpeci6ed, compared and confidcred, to be 
iiaderfiood by the Hooouiabfe Boufd. 

«« thdr 
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** thdr L<»tlih!ps know the difFerence of expence between the (aid bolts 
** and copper bolts ; we defire you will pleafe to acquaint their Lord* 
*^ fhip9, that we are of opinion the ufe of cc^er bolts fucceeds Co 
*^ well as to fuperiede tiiat of all others; and we apprehend they are 
^* cheaper than the new ones> as appears by the indofed calculation 
•* of each. We are, &c. 

(Signed) '^ Edward Hunt, Gborob Marsh» 

^ CsARtBS MlDD££T0N, EdWARD CrAS.'! 

** J. Hbnslow, 



The calculation inclofed* 



" Copper bolts at ibid, per lb. equal to 
«' Returned copper, at j\d. equal to 



Per Ton. 

72 & B 
Remains 23 6 8^ 



■» 



♦• Iron bolts at il. 15s. per cwt. or, per ton, 
" Procels at — — — 



35 o o 
2s /o o 



^mmm^'^^ 



t • » 



** Returned iron bolts al; 



V • 



Total 6a o a 
10 o. o 



! ■■ I I 
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To this letter and comparative calculation, the Lords of the Admiralty 

weFe^ ^iJwered to the following effe£t : 

•! May 
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♦* tgih September, 1785. 

*' May it plcafe your Lordfhips! 

** I have the favour of yoiu* Lordfhip$* letter of the z^d Inflant, 
** inclofing the comparifon made by the Navy Board, between copper 
** bolts and mine. 

•* I have in anfwcr to inform your Lordfhipsy that the Navy Board 
^* are greatly miftaken, in thdr eflimate of my bolts, particularly in 
*^ the article of iron, fet at il. 158. per cwt. or 35I. per ton 

" I am certain that the beft iron may be bought ^ £. s. d. 
** per ton for r 16 o o 



4 o 



" The workmanfhip of forged bolts is done by the 
** piece at 4s. per cwt. which per ton is only 

^ A full allowance for coals and tools per ton 100 






21 



The total expence per ton, infteadof 35L as ftated 
by the Navy Board, is therefore only 

*' All boks, above an inch over, are forged out of fquare iron; bolts 
'* under an inch over are moftly milled, and may coft fomewhat more 
^^ tfian 16I. per ton from the mill; but the expence of workmanfhip 
** b very trifling, as two men will cut and head fix ton a wedc. 

** The wages per wedc of ^e f<n«man •—— £,i 2 6 
•« Of the hdper — o 15 o 



'* For fir tons i 17 6 



•( 
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«^ So that milled bolts will not coft near fo much as forged ones* 

** With refpeft to my bolts, when taken out of a fhip, the Navy 
** Board have confiderably undervalued them; for, as it is demonftrated 
•* that they do not corrode,* they will certainly ferve again, fo that there 
^* will be a faving of all the iron. 

" Your Lordfliips will be pleafed to confider that the drawback upon 
** copper bolts is the chief objeft in reducing their price, but when 
** does that drawback come ? Does not the intereft of the firft heavy 
** charge conftantly accumulate, 'till the Ihip is broken up or new 
** bolted? 



" The duration of my bolts fo far exceeds that of copper, that were 
" the calculation of the Navy Board wholly true, it is highly probable 
^* that the whole expence would be faved in repairs alone. I therefore 
*' hope your Lordfhips will be pleafed to order fome fhip to be fitted 
" out with my bolts on a three years ftation, to give them a fair trial, 
" and, if found to anfwer, I am fo thoroughly convinced of the dif- 
" ference of the price of copper bolts and mine ultimately, and upon a 



V ♦ The Navy Board had no reafon to prefumc that they would be corroded, for the ex- 
periments made on them at Portfmouth, under their own dircftion, had proved the dircft 
contrarj'. 

N " full 
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** full and fair calculation, that I will undertake to perform a contraft 
'* lol. per cent, cheaper than the prefent conti-a6l for copper; for I am 
" decidedly of opinion, that, if ever put in praftice, the faving will be 
** a vaft deal more. 

" I have the honour to be, &c. 

I fhall now beg leave to make a few additional remarks on the Navy 
Board's calculation, and comparifon of the difference of expence, be- 
tween the copper and prepared iron bolts. 

In this calculation, the Honourable Board appear to have quite for- 
gotten the intereji of their 95I. 13s. 4d. paid out of pocket, for every 
ton of copper bolts for the fifteen years they were to remain in the fliip, 
before the time of the drawback fhpuld arrive, which intereft at 5I. 
per cent, happens to be upwards of 70I. And they alfo appear to 
have taken it for granted, that for ev^ry ton of copper bolts they, 
fhould drive into a (hip, they fhould get a ton out of her. 

But I am informed that it is a convenient cuftotn with the people 
who are employed in (hip-building in his Majefly's yards, to apply to 
their own purpofes, as wastp, the copper that is cut off from the ends 
of the bolts when driven, which often happens to be an eighth or 
tenth of the whole, and fometimes more; and copper bolts wafte to 
fuch a degree by corrofion, that what with this lawful clippings and 
what with the fubfequent wafte, (to which we may add the unavoid- 
able 
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able thefts of workmen*) Government, inftead of getting a drawback 
of tonfcr toTiy is well off, if it gets a drawback of o?ie third part in weight 
of the bolts originally charged to it's account.-f- 

The Navy Board certainly could not have been aware of thefe things, 
when they made the calculation referred to, otherwife they would not 
have attempted to fhew that a ton of copper bolts coft government 
only 23I. 

Now let us turn to the other fide of the account, and examine 
their calculation of a ton oi prepared iron bolts at fifty pounds. — Iron 
bolts, that might have been bought for lefs than twenty-two pounds 
per ton, they fet down at thirty-five pounds per ton, more than one^ 
third too much; and the drawback, which they ought, at leaft, to have 
fet down at fifteen pounds per ton, they fet down at ten pounds, juft 



* I am informed that government has lately expended two thoofand pounds, in endea* 
vouring to difcover die mode by which thefe depredations are carried on; and it at length ap- 
pears, that the copper bolts are cut in pieces, and carried out of the yards, concealed in holes 
bored in tfie chips of wood, which, from cuftom, are ccmfidered as rightful perquifite: The 
Lords of the Admiralty have offered advantages more than equivalent to the perquifite o£ vioodm 
diijps, but the offer has been rge^ed, and the depredations continue inviolate : The anti-cor« 
rofion would at leaft have the merit of precluding this mifchief s becaufe the material could 
only be ftolen in hitSy and thofe, from the difficulty of cutting them, and from their inferior 
value, would not be worth flealing. 

t I (hould be glad to know how much copper government has paid fr^ii fince the year 
1774, and on how much it has received a drawback s ■ Sec note^ page 6o. 
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one third too litt/e*, and thus they make it appear, that prepared irm 
bolts, which could have been bought for lefs than forty-feven pounds 
per ton, would be twenty-five pounds per ton dearer than copper boltir, 
which could not be bought under (upwards of) ninety-five pounds 
per ton. 

On this topick of the Navy Board's comparative calculation, and on 
any others of a fimilar kind that may occur, I have only to'exprefs a 
general wifh, that men in office might confider it their ferious duty, to 
be fully informed of the real merits of every fcheme profefling the pub- 
lick good, and the reftitude of every calculation fan6Uoned with their 
names; and truft lefs to clerks and fecretaries— the common fkreens 
between official integrity, and the bafe corruptions of interefted in- 
dividuals. 

But to proceed: — In confequence of the letter of the 29th Sept. 
1785, the Lords of the Admiralty ordered about three hundred pounds 
weight of prepared iron bolts to be driven in the Cygnet floop of war, 
then preparing for a three years cruife on the Jamaica ftation^ as a 
further trial. This was the oldefl: floop in the navy, and the pte^ 
pared iron bolts were driven into holes, out of which copper bolts had 
been taken, and the fliip was coppered over the bolts for the purpofe 
of making the trial as fevere as poffible. This fliip having failed for 
her ftation, it was found neceflfary to keep her there ' five years and 
upwards> inftead of three. 

But 
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But Mr. Richards, who was mafier of her fometime during her 
{feitibn in Jamaica, having returned to England in January 179 1, a 
friend of the Author's wrote to Mr. Richards, to know how the bolts 
ftood when he left her, and to his letter he received the following 
anfwer : 



*' Sir, 



Niger at Spithead, nth Jan. 1791. 



€€ 



" I received your's, requefting me to inform you what I knew re- 
lpe6ling the prepared iron bolts driven into the Cygnet floop. 



** I have not a doubt but they will fully anfwer your expeftation. 
I was in her about twenty-one months, during which time we were 
a great deal at fea, and in very bad weather. I had feveral opportu- 
nities of feeing the heads of the bolts in the hold ; and on heaving 
down where we took off the copper to drive the gammoning bolts, 
the copper was not in the lead injured on the infide by the bolts, 
nor were the bolts by the copper, but appeared perfefl and bright. 
I am forry they had not a fairer trial, as the Cygnet is, I believe, the 
oldeft floop in the fervice, and was, when we failed from England, 
in a very indifferent ftate. I hope her arrival in England will foon 
convince the publick of the very great fervice of your friend's in- 
vention. I am. Sir, &c. 

GREGORY GARD RICHARDS. 



The 
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The Cygnet did not return to England 'till the month of Auguft 
lygi} and, in Oclobcr in that year, five of the prepared bolts were 
knocked out, and proved to be as found, and appeared as bright, as 
when firft driven, except one, which was conroded a little in a fmall 
fpot, where the iron, being very bad, had not efFeftually received the 
preparation. The heads too, which had been battered to pieces in 
being diiven without a proper apparatus^ were difcoloured, but not in 
the leaft degree wafted. 

Thefe bolts were left with the Officers of Portfmouth yard, to be 
tranfmitted to the Navy Board. But, alas, poor holts ! after encomi- 
tering, firft an immenfe difficulty in getting permiffion to be introduced 
into the Cygnet floop at all, — after a five-years* ftation at. Jamaica and 
j fafe return to Old England, — after having, for upwardii of five years, 

withftood the united cankering powers of a Jamaica atraofphcrc, and 
of copper and fea water — a fuccefsful conflid)- with heterogeneous and 
hoftile principles ; — after having, probably, faved the crew of an old 
battered vefTel from drowning;— thefe poor bolts, I fay, with all thcfe 
merits, fo foon as they arrived on Britifh ground, loft, it (eems, all their 
virtues ! Under the foftering care of thefe Portfmouth Ofiicers, in taking 
their paflage from thence to London, they were loft — myftsrioufly loft, 
for ever! 

Thefe bolts being thus gone, widi all their poflible advantages, I 
applied to the Navy Board to get fome more drawn, and the following 
letter contains the anfwer to that application : 
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Navy-Office, 2 2d February, 1792. 
Mr. Langworthy, 






it 

C€ 



" In anfwer to your letter of the i6th inftant, we acqudnt you, that 
the Officers of Portfmouth-yard have again reprefented to us, they 
cannot drive out any more bolts from his Majefty's floop Cyg- 
** net, until (he is taken into a dock j and f urther^obferve, that fhe is 
" now laid as a break-water for the fecurity of the dam to the new 
" dock. 

" We are, your affeflionate friends, 

(Signed) Henry Martin, 

J. Hansloe, 
George Marsh." 

Having heard nothing more from thefe " affeSiionate friends ^'^ and 
the Cygnet not being yet taken into a dock, I cannot give any further 
account of this experiment than is already before the reader. 

To give certificates of all the various experiments which have been 
made on nails, of the anti-corrofion preparation, would perhaps dilate 
this narrative too much; I (hall therefore, to be as brief as poffible, 
give only a few, which \ truft will be fufficient to prove the utility of 
the difcovery, in the compofition of nails, and with what fuccefs the 
anti-corrofion nail has been ufed in Merchant fliips trading from 
Liverpool to Africa.^ 

Mr. 
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Mr. John Kewlby, merchant^ LherpooU to the Proprietor. 

«« Sir, Liverpool, 20th April, 1791. 

" I have not loft a moment's time to advife you that the (hip King 
*^ Grey was this day put into the graving dock; about this time twelve- 
" month fhe was repaired, and hath fmce made a voyage to Africa; 
** fhe had three ftreaks of wood fheathing under the bends above the 
" copper, nailed with your compofition nails; and, in order that you 
" as well as others, may fee that your nails are as flrefli as on the day 
they were drove, I have fent you a few pieces of the fheathing board, 
which will convince merchants, fhipwrights, &c. they will anfwer 
'* the end. 



cc 
cc 



" I fhall to-morrow have one of the fheathing boards exhibited at 
" 'Change for the infpe6lion of our Liverpool merchants. 

" And am, Sir, 

" Yours, &c. 
(Signed) " John Kewley." 



u 



sir, ' Liverpool, 21 ft April, 1791. 



" I wrote you by yefterday's poft, and at the fame time fent you a 
*' few pieces of the fheathing boards, with the nails ftuck in as they 
« came off the (hip King Grey. This day I had a plank brought to 
" the 'Change, with the nsuls juft as taken off the fliip's bottom; they 

" appeared 
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** appeared as frefh and as bright as when driven, which the principal 
" merchants and Ihip-builders of this town faw and approved; and 
** have moft of Atai promifed to make ufe of them. You had laft 
" fummer att erra ror bolt^ and nails for a fmall vefTel I am part-owner 
** of, fince which ftie hath made a voyage to Africa, and is now in 
" the dock, and the nail heads in her deck look as bright and frefh as 
*' whQi they were driven, I am confident that your compofition 
" would anfwer in America and the Weft-Indies, for hinges for doors, 
" window-fliutters, ,&c. as thofe made of common iron decay very 
" faft in thefe climates, by being eaten out with ruft. 

*M am yours, &c. 



(Signed) 



" John Kewley. 



»> 
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Sir, 



Liverpool, loth June, lygi. 



" In regard to the (hip which I am part-owner of, in which your 
*' bolts and nails were ufed, ftie failed upon her fecond voyage four 
'^ months ago; all that I can fay refpefling her is, that the nails in her 
** deck, and all that could be feen, were then as bright as the day 
" they were driven, and I make no doubt but they will be found fo 

« 

** when fhe returns again. 

" I am, Sir, your's, &c. 



(Signed) 



" John Kewley, 



»» 



o 



Certificates 
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Certificates of Merchants, &c. op Literpool. 

** WE whofe names are hereunder fubfciibed) do hereby certify^ 
•* that in the month of April 1792, on the return of the (hip King 
" Grey from Africa, (he was put into the Graving dock, No. 3, Liver- 
pool, and we attended her and faw the (heathing under the bends 
above the copper (hipped, which (heathing was nailed with the new- 
invented prepared iron nails> that the faid nails were driven in the 
month of April 1790, (ince which the faid (hip has heen two voyages 
** on the coaft of Africa; and we do hereby further certify, that the 
•* faid nails, when the (heathing was (tripped, were as bright, founds 
" and (it for (ervice, as when firft driven, and that the fame (except 
•* what have been kept for curio(ity) are ufed again accordingly. Wit- 
'* nefs our hands this 23d day of Auguft, 1792. 



It 



€€ 



• C, 
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^^ Ralph Abraham, ') f Part-owners of die (hip 

5^ Merchants, < 
•* James Welsh, ) ^ King^rey. 

'* TosEPH Cash, Captain or Mafter of the Had filip/' 



" William Aspinal, John Kewlfy, James Forsbst, William 
** Teasdale, John Houghton, James Cosnaham, Daniel Hen- 
" SHAW, and a variety of others who attended the (bipping of the 
" (heathing, and faw the prepared nails after it was (bripped." 



Another 



. »j ^ -^. 
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CC 



Another Certificate. 

** We whpfe names are hereunto fubfcribed, do hereby certify, that 
^^ in the month of July laft, we attended the ftripping of the (heath- 
ing of the Ihip Bud, in the Graving dock, which, in September 
1789, was nailed with the prepared iron nails, and that the fame 
were fb bright, founds and fit for fervice, that all of them, except 
^* a few, which were faved for curiofity, were ufed again, for nailing 
on the new fheathingj and that they had not in the leaft degree in- 
jured the (heathing or the planks of the ftiip, but were drawn with 
** as much eafe as they were driven with, and that the faid (hip has 
** made two voyages on the African flation fmce (he was fheathed with 
** the laid nailis; and that (he is intended for another voyage with the 
<* fame, and from all appearances they will laft many voyages more, 
^' as ndther their heads nor bodies are at all corroded. 



«c 



<c 



Signed 23d Auguft, 1792, by 

" William Aspinal, 
" Ralph Abraham, 

** John Watson, 



Owners. 



Mate. 



»» 



<€ 



N.B. Some common iron ndls were driven in the fame (heathing, 

" and notlung remained of them but ruft/* 



The above certificate is alfo figned by the fame gentlemen who 
ligned the other. 



o £ 



The 
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The fliip builucr, under whofe direftion the faid (hips were, afhially 
refufed to fign the above certificates, (after having promifed to do it) 
and afilgned as a rcafon for fuch refufal, that '' bejhouldget the ilLwill 
** of the JJ:ip carpenters^ ivho" he faid, ** would lofe many a good job ifthefe 
" nails were brought into uJeT Mr. Watfon the mate faid, that, had he 
not attended the dripping, the carpenters would have tihrown away 
the nails to have prevented their being feen. 

Prepared mufquets, for the ufc of foldiers and marines, have under- 
gone very fevere trials to afcertain the utility of this difcovery in thefe 
articles, as will be feen by perufmg the following correfpondences with 
the Duke of Richmond, and the officers of the army and marines, ta 
whom his Grace referred the neceffary experiments. 

His Grace the Duke of Richmond to the Proprietory in anfwtr to bis 

frji application. 

" Sir, Goodwood, Dec. 23d, 1784. 

" I have received your letter of the 9th inftant, ftating that you have 
" difcovered a prefervative of iron from ruft,. which is now under cx- 
" amination by the Navy Board, and defiring me either to inveftigate 
" this invention myfelf, or to order fome other perlbn fo to do. As I 
" am now in the country, and have a great deal of other bufinefs to 
" attend to, I fhall not be able to examine it myfelf; but I have written 
** to Major Bloomefield to defu*e him to call on you for the explanation 

"of 



- 1. 
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« of it you offer, and to report on its utility, and what courfe of expe- 
" riments^he would recommend to afcertain the efFe6ls. 

« I am, Sir, 
" Your moft obedient humble fervant, 

(Signed) " Richmond, &c. 

After this letter was written, upwards of nine months elapfed on 
account of the various bufinefs his Grace had to attend to, before any 
thing further was done. On the i6th November, 1785, his Grace was 
written to again, and on' the i8th returned the following anfwer: 

« Sir, Whitehall, Nov. i8th, 1785. 

" I have received your letter of the i6th inftant, refpefting your 
" difcovery of a method of preferving iron from ruft. I fhould be 
" glad to know to what purpofes you think your difcovery will be appli- 
cable, and what your expeftations from the Ordnance are, in cafe 
your invention is foimd to be ufeful. 

" I am. Sir, &c. 
(Signed) '^ Richmond, &c. 

Hoe Proprietor's Reply to the above. 

" May it pleafe your Grace, 21ft Nov. 1785. 

" I have the honour to acknowledge the receipt of your Grace's letter 
** of the 1 8th inftant, requefting to know to what purpofes my dif-^ 

" covery 



c< 



« 
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" cpvcry for the prcfervation of iron firom raft may be ap^died, and 
'' what my expeftations are from the Board of Ocdtaance, in cafe it be 

■** found ufeful. 



■« 



II 



** My anfwcr to the former part of your Grace*s requeft is, that I 
humbly conceive the immerfion of gun-barrels, piftol-barrels, and 
locks > in the preparation alluded to, would not only prderve thentftom 
^ rufl: in thofe climates where fiich eSe£b are produced^ but hxcieaie 
'' the durability of them exceedingly, confequendy iave a/gnatezpence 
'' to Government, much labour tOi the foldiery^. andt. what is. lail: ixv 
" confideration, add infinitely to the beauty of their fire-arms. 



<€ 
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To die latter part— in cafe my inventioa be £sund uiefoU Wf 
*' will be no obje£l in comparifoa tx). its. utility • 



^' I have now the fatisfaftiion to inform your Gracer that the LorU 
^' of the Admiralty and Navy Board> on Fdday laft; came to the de^^ 
^' termination (after repeated experiments, during the fpace of two 
'' years and a half) of fitting out a frigate with iron bolts prepared 
^* by me, as a final affay prior to my engagement with them. 



" I (hould be glad to have the honour of waiting on your Grace 
" with a fpecimen of the prepared bolts, and to expl^, more fully, 
** every particular, which cannot fo latisfaftorily be committed to 

^ paper/' 

Tie 



tl<M: 
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^IBf Proprietor, to his Grace the Duke of Richmond. 

'' London, 5th May, 1786^ 

*^ May it pleafe your Grace ! 

" Some time fince, I took the liberty of informing your Grace, that 
*« the mufquets depofited with me by Major Blomefield, were ready 
" for your Grace's infpefl:ion ; but concluding that this circumftance 

* 

" had efcapcd your memory, I again take the freedom of conmiunica- 
" ting the fame, and eameftly hope that any trial, it may be thought 
** expedieitt they fhould undergo, may be put in praftice as foon as 
*• poffible* I am, &x" 

Thcfe mulquets were fent to his Grace for experiment, and the fol-- 
lowing letters will fhew how they anfwered : 

•* Sir, " Whitehall, ift Auguft, 1788. 

•* i am to acquaint you, that I fcnt three of the mufquets you had 
'•*:prepared on board three different (hips for trial. 

** Inclofed I fend you a copy of the report I have received concern- 
" ing that which was fent to Newfoundland, under the care of Major 
** Arnott,, on board his Majefty's fhip Salifbury; and alfo, a copy 
** of the report upon that which was fent to the coaft of Africa, under 
" the care of Lieutenant Lee, of the Marines, on board his Majefty's 
" (hip Adventure. 

Thefe 



.^\ 
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^' Thefe two mufquets are now here for your infpeftion, but the 
^' third is ftill on board his Majefty's Ihip Solebay, in the Weft-Indies ; 
" and I do not expe6t to receive it, or any report concerning it, until 
" the return of that fhip next year. 

V I am, Sir, 

'^' Your moft humble fervant, 
(Signed) " Richmond, &c." 

Copy of the Reports. 

" Portfmouth, 28th Nov. 1786. 
General Smith, to his Grace the Duke of Richmond. 

*^ My Lord Duke, 

" Major Arnot landed this morning from his Majefty*s fhip Salif- 
bury, and brought with him the prepared firelock entrufted to his 
care, which appears to me to be pretty much in the fame ftate as 
** when he received it; the firelock in coming from London, had got 
*^ loofe in the cafe, and was a little rubbed on the barrel. 

^^ I have the honour to be 
" Your Grace's 

" moft obedient, 
" humble fervant, 
(Signed) " Henry Smith. 

V. G\ M*. 






[ 105 ] 

Major ArnottV )etter to General Smith, inclofed in the above. 

'' His Majefty's fliip Salifbury, 
" Sir, '' Spithead, 28th Nov. 1786. 

^' On our paflage out, when on the banks of Newfoundland, I hung 
" up the prepared firelock and one of the common arms under the half 
" deck; the weather was very foggy for ten days: the prepared fire- 
** lock remained in the fame ftate as at firft, except fuch parts of the 
*^ lock as will not admit of being prepared ; and, during our ftay at 
** Newfoundland, it was ufed in turn by the fentries, and always at 
" exercife in firing by platoons, &c. all of which made no alteration 
" in it. I do not find any inconvenicncy attending the preparation,' 
" rather otherwife, in bad weather efpecially, as the arms are liable to 
" get wet with fait water, and the men have not time to clean them. 

« I am, Sir, 

^* Your mofl obliged humble fervant, 
(Signed) " Thomas Arnott, 

" Major of Marines/' 

[Copy of Lieutenant Lee's Report, — fofi*] 



Mr. Crew, fecretary of the Ordnance Office^ to the Proprietor. 

" Sir, " Ordnance Office, 22d Sept. 1788. 

" I am diredled by his Grace, the Mafter- General, to tranfmit to you 
" the inclofed copy of a certificate from Lieutenant Hunt, of the 



cc 



marines, 
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" mcirincs, dated 13th* inllant, refpefling your prepared mufquet, 
" which was fcnt on board the Lcander, when £he failed for her 
*^ flat ion at Halifax, in 1786; and to acquaint you, that the faid 
" mufquet was in the charge of a corporal during the voyage, and 
" v/as not fo much expofed to the weather as the mufquets of the 
" privates. I am, Sir, 

" Your moft obedient humble fervant, 

(Signed) ^^ R. H. Crew." 

Lieutenant Hunt^s Certificate. 

" Plymouth Barracks, 13th Sept. 1788. 

" My Lord Duke, 

*' On the 7th September, 1786, I embarked on board the Leander, 
" for America; and, with the party, was- fent a mufquet plated with 
" metal i which mufquet was occafionally ufed by the centinels, and 
" always fired with, when we exercifed fmall arms ; // required no re^ 
^^ pair while abroad^ and when landed in Augujly 1788, was perfeSlly Jit 
^^forfervice. 

(Signed) " N. Augustus Hunt, 

" ift Lieut. Marines/' 

I have permiffion to add a letter from Major Arnott to his friend 
Major Varlo. 



<€ 



Dear 
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'' Dear Varlo, Portfmouth, 8th June, 1788. 

" I have been at the office, but cannot find that a copy of my 
" letter to General Smith, concerning the mufquct, has been infcrted 
" in the divifional books ; — I was in hopes I had kept one myfelf, but 
** have rummaged over all my papers without finding it. General Smith 
" is not here; it is poffible he may have a copy; if fo, I wii! write you. 
'* I have got a copy of the Duke's letter to the General, as alfo the 
** General's anfwer to him, dating that he had fent the firelock with me; 
** to the beft of my recoiled ion, my anfwer was fomething near to what 

" follows : The firelock, on my receiving it, was a little rubbed in 

*' the barrel by the wooden cafe which it came in from town, and on 
" our getting on the banks of Newfoundland, I hung it up under the 
*' poop, and a bright fliip's mufquct the oppofite fide, almoft every day 
** the (hip's firelock required cleaning, whi^e the prepaied one was juft 
" the fame as at firft, excepting fuch parts of the lock as were not done 
" over with the preparation. I made the fentries ufe it frequently on 
** the gangway, and had it always in ufe, when exercifing witli powder, 
** both on fliore and on board; and the invention feemed to anfwer 
*' remarkably well, particularly iK bad weather, when the men had not 
" time to clean their firelocks. 



«< 



'' What I have mentioned above is as near as I can recolleft. The 
fleet under Admiral Levefon is to fail this morning. 

" I am, &c. 
(Signed) " Thomas Arnott." 
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The Duke of Richmond to the Proprietor. 
" Sir, Goodwood, 22d Auguft, 1791. 

" I received your letter of the 4th inftant; and as the report of the 
'* firelocks prepared with your compofition, made by Captain Lee, 
" is not to be found in my office, I imagine the original report has, by 
*' miftake, been fent to you inftead of a copy of it, which is the reafon 
" I omitted to mention it in my letter to you of the 23d of laft month* 

*' However favourable that report might have been, it will not afFefl: 
** what I have already ftated to you, refpefting the price you demand 
" for preparing the firelocks; for I do not think that the advantage to 
** be derived from your invention, can be worth three Jhillings and Jix^ 
" pence per firelock^ which is the loweft price you fay you can prepare 
" them for. 



" I (hall be glad if you will return me Captain Lee's report, after 
" you have taken a copy of it. I am. Sir, 

" Your moft obedient, humble fervant, 

(Signed) " Richmond, fee." 

N.B. Since the receipt of the above letter, the author has received 
a quantity of mufquets from the Ordnance, which he is preparing at 
three Jhillings apiece; being willing to facrifice his own intereft to that 

of the publick. 

Further 
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Further Experiments. 

About five years ago, fome iron nails prepared, and others not pre- 
pared, were driven into a piece of timber; and the timber, with the 
nails in it, was laid down in the river Thames near Gravefend, in the 
fame manner as the bolts were at Portfmouth, between high-water and 
low-water marks, fo that it might be covered at every flowing, and 
left dry at every ebbing of the tide. In the courfe of three ycars^ 
by this experiment, the common nails were almoft entirely confumed 
by ruft, but the prepared nails were as perfeft as ever, and remain (6 
to this day. 

* 

Sheet iron and fheet copper, after preparation, have been wholly and 
conftantly expofed to the atmofphere, without any appearance of decay .^ 

Ships' bolts have been left fix years, in a cellar conftantly overflown; 
at fpring tides ; and they are ftill there perfe6lly found and uncorroded^ 

A great variety of chemical experiments has been made on tins ma- 
nufacture, by gentlemen particularly learned and ingenious in that 
fcience, to their Entire fatisf a£lion ; and I cannot here refrain from 
making my moft grateful acknowledgments to fome who, in thofe and 
other refpefts, have exerted their utmoft endeavours to promote my 



undertaking. 



The 
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The Right Honourable Lieutenant General Murray,* the learned 
and philofophical Dr. John Ingenhousz,^ the ingenious William 
Fitz-Gerald, efquire, of the Inner Temple,:); and the late Mr. John 
Crancii,§ have particularly obliged me. 

My 



* Equally known for his (kill and intrepidity in the field, for his cxtenfivc knowledge and 
warm encouragement of the liberal arts, and for the extreme bene\'olence of liis difpofition. 

f Phyfician to the late and prefent Emperors of Germany, the value of whofc chemical 
works, from their being written moftly in French and German, is at prefent loft to many in- 
genious Engliflimen. I have been lately honoured with the dodor's permiflion to tranflatc 
them into Engli(h, and publifh the tranflation. 

X A barrifter, and very ingenious mechanic Among a variety of other ufeful things, he 
has made fome very important improvements in the application of fteapi to mechanical powers, 
and in machines for fpinning wool and cotton. 

§ A very deferving native of Kingfbridge in Devon/hire, whofe fimplicity of manners, 
fweetncfs of difpofition, vcrfatility of talents, extenfive knowledge, and profound judgment, I 
had flattered myfclf, as he had honoured me with his notice, would have made him a moft 
valuable accjuaintancc to me. But, on my return to London from the -country in November, 
to my great difap{>ointment and forrow, I was informed, that, from tqp feverc an application 
to the ftudy of painting, and of the preparation of colours, his liealth was fo impaired, 
that, bcir^ advifcd to quit London, he had gone into the Weft of England, where he (hortly 
after died. 

I have been accidentally favoured with fome MSS. of his, wliich lay in the hands of one 
of his acquaintance in town. One of theic manufcripts is a letter written to a friend who had 

fubmitted 



. \ 
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My fincere thanks are likewife due to Mr. John Kewley, of Liver- 
pool, for confiderable friendly fervices, and to William Lamb, efq; 
a barrifter, of the Inner Temple, for a variety of fervices among his 
friends, particularly for his writing to Sir George Young; whofe an- 
fwer to Mr. Lamb, as I am in pofleflion of it, I here take the liberty 
of publifhing. 



fubmitted to his confideration the form and intentions of his will; and, as I think its pub- 
lication will be of general utility, I have taken upon me the charge of printing and publifhing 
it, under the title of " RefleSiions on the mifchievous confequences generally arifing from the ufual 
" difpofitions of property by will'' If Mr. Cranch has left any relations living in England,* 
I (hall be very happy to account to them for the profits, if any (hould arife from the fale of 
the book. Another of the manufcripts is an irregular poem in blank verfe, entitled " Buck- 
" FAST Abbey," written at the age of eighteen, in a very pure ftile, and poffelling many 
beauties. And the third manufcript is a profound criticifm on Dr. Johnson's, Mr. Pope's, 
and Mr. Theobald's prefaces to Dr. Johnson's edition of Shakespeare's plays, (odavo 
1765) and on the play of " The Tempeft," and the notes upon it exhibited in that edition. 
In cafe I fhould ever be tempted tocolledl and publifh my own little juvenile fcraps of poetry, 
I will print Mr, Cranch's poem with them, and his notes on the Tempeft: (hall not be Joft 
to the lovers of Shakespeare. 



• His relations, I have underftood, are chiefly in America; I think Mr. Adams, the Vice-Prefident, and 
Mr. Cranch, Chief JuiUee of one of the United States, are his uncles. 



Sir 



t 

^ 
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Sir George Young to Mr. Lamb. 



** My good Sir! 



Formofa, 19th January, 1792. 



*' Your very obliging letter has but juft reached me at this place. 
** As foon as I can get to town again, I will moft certainly pay every 
" attention to Mr. Langworthy's contrivance. 

" I think a trial fhould be made of fome large nails at Sierra-Leone, 
' ^"^ as, in every part of Africa, iron becomes more rufty than in any 
** other part of the world. Even the keys in my own pocket were eaten 
** through with it in half a year's time. 

" Your's, &c. 

" G. Young.'' 



From this letter the reader fees, incidentally, a remarkable faft, in 
proof of the rapid decay of common iron in Africa j and the certificates 
from the Liverpool merchants, of the experiments made on the pre- 
pared nails, ufed in their ihips trading to that part of the world,* 
fliew how completely they remedy that difadvantage. 



Thefe are the moft fevere experiments that can poflibly be made; for, 
not only have the prepared nails refifted the African air, afl:ing on their 
heads, from three to nine months together each time, without the Icaft 
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♦ Sec page 95 and fcq. 
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vifiblc efFeft; but alfo to the auxiliary corrofive powers of fea water, 
and of verdigris, (produced by the aftion of fea water, upon copper 
placed contiguous to them) conftantly wafhing over them; — to the uni- 
ted operations of all thefe aflailants, have they bid defiance for three 
years, fave two months; (viz. from September 1789, when they were 
driven into the fhip Bud, to July 1792, when the fheatliing, being 
worn out, was ftripped) and are now, in perfe6l prefervation, driven 
into new fheathing to engage all thofe powers over again. 

So honourable and refpeftable a body of evidence, as that now before 
the reader, will, it is prefumed, fufficiently prove the reality and cer- 
tdnty of the anticorrofion principle, and the afferted advantages of 
the prepared iron, and its applicability to naval purpofes, beyond any 
other combination or fubftance at prefent known to the world. To 
which I can very confidently add, that I have improved the manufac- 
ture, fince the experiments I have mentioned were made, in fo eflfential 
a manner as to render it ten times more capable of refilling corrofion 
than it was at that period. 

It remains for me now to confider its ufes and advantages in general, 
which I (hall do under diftin£l heads, as follows : . 

iji. In application to bolts, nails, rudder-%works, fheathing, and 
other metallic works for ftiips, with obfervations on the mifcbiefs and dij^ 
advantages of copper in thefe articles. 

(^ 2dly 



# 
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2dly. To mufquets, carbines, fufees, piftols, &c. for the army, mi- 
litia, marines, &c. as well for home as foreign fervicc;-— w/V^j'S/w^ inte^ 
rejling remarks on mufquets. 

^dfy. To culinary and other veffels neceflkrily made of metals; — 
with obfervatiom on the poifonous effeSls of brafs and copper in tbofe articles. 



/ 



And, /^hly. To architefture, engineering, manufaftures in general, 
and all other purpofes not comprehended in the three firft heads; — with 
fome refieEtions on the means and political advantages of giving it general 
effedi. Firft then, 



CONSIDERATIONS ON THE USES AND ADVANTAGES OF THE APPLICA- 
TION OF THE ANTI-CORROSION METAL, TO BOLTS, NAILS, RUDDER- 
WORKS, SHEATHING, AND OTHER METALLIC WORKS, FOR SHIPS. — 

With obfervatiom on the mischiefs and disadvantages of copper 

in tbefe articles. 

THE metallic works of fhips, to be as unexceptionable as poflible, 
fhould be fufficiently hard, ftrong and tough, to withftand the moft 
violent fhocks and ftrains, that fhips receive in ftorms, and fhould not 
be fubjeft to corrofion. This ftate of perfeflion, in thefe articles, has 
never yet been reached. The metals at prefent ufed for them are either 

X iron^ 
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iron or a mix«d metal, commonly called copper, of which copper is 
only the bafis. 

Great and inevitable difadvantages attend the ufe of either, and it is 
difficult to decide which, in its operation, is the moft objeflionable. 



Iron bolts, nails, &c. when a ftiip, in which they are ufed, is not 
flieathed with metal, by rufting in the wood, are impaired in ftrength 
and become fo difficult to be drawn, that it is very troublefome and ex- . 
penfive to repair fhips, in which they are ufed; and premiums have 
been offisred for the invention of ingines to extraft them. And, when 
they are ufed in fhips, fheathed with copper, the aftion of the corro- 
five acid, extrafted from the iheathing by the fea water, exerts itfelf on 
them fo violently, that they are foon deftroyed, and many terrible ac- 
cidents have refulted from this fatal imperfeftion. On the other 
hand, the experience which our navy has already had and (if every 
fhip in it is to be fheathed with copper) unqueftionably will have, 
demonfirates that bolts, nails, and rudder-works of copper, or of mixed 
metal, are not equal to the fhocks and flrains which thefe articles 
muft undergo in heavy feas ; — They are not only deficient in hardnefs, 
flrength and toughnefs; but, where the timbers and planks are not 
^ perfeflly dry, or the leaft moifhire comes in contact with them, they 
corrode fo faft and deflroy thofe timbers and planks fo rapidly, that in 
a very fhort time they get loofe, and the fhip, upon a fbain, becomes 
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in the utmoft danger of foundering, or the rudder-works give vray, or 
the ftem pofts ftart, and the fhip becomes ungovernable. 

There never were fo many lofles of ftups known, m within thefe 

four or five years, and their numbers are increafiilg every winter. In 
the iaft winter, it was particularly diftrefling to look into the daily 
papers, on account of the columns that were almoft wholly filled with 
accounts of ihipwrecks. 

On the 8th of January Iaft, it was faid that more money had been 
loft, by fea infurances, in the part of the winter that had then elapfed, 
than the oldeft underwriter at Lloyd's ever remembered in any winter 
before. Two hundred thoufand pounds had then been lof!t on (hips 
wrecked on the Englifti coafts only. 

In " The Times" of the eleventh of October, an intereftilig paper 
was inferted, defcribing, circumftantially, the lofs and prefiimed loft of 
divers noble fhips, with rich cargoes and innumerable pafTengers^ 
officers and feamen, and the imminent peril and difficult efcape of many 
others — all in confequence of the lofs or difability of their rudders ; an 
accident which, it feems by all accounts, nothing but other rudders^ 
in the place of thofe loft or difabled, can efFeftually fupply.* 



• Whether the contrivance of Mr. De Lolme, (the ingenious author of that admirable 
work, " A Treatife on the Englifh Conftitution") or any fubfequent contrivances to prevent 
•r remedy thofe misfortunes, have proved efiedhial or not, I am not aware. 
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In this catalogue are> 
The Foulis Eaft-IncUamant 
The Centaur of 64 guns^ 
The Rammilies of 74, 
The Heftor of 74, 
The Glorieux of 74, 
The Johanna of Stockholm, 
The Nancy, from I/ondon to Antigua, 
The Effex Eaft-Indiaman, 
The Heftor, from Lx)ndon to Jamaica, 
The Birmingham, from Briftol to New- York, (with hardware, value 

40,000!.) 
The Ipfwich of 60 guns. 
The Grafton of 68 guns. 
The Neptune Eaft-Indiaman, 
The Bienfaifant of 64 guns. 
The Boreas frigate. 
The Ceres from Quebec to Aberdeen, 
The William and Mary, from Philadelpjiia to Amfterdam, 
An Oftend (hip. 
The Aurora frigate, with Governor Vansittart and other perfons 

of diftin6lion. 

The Swallow packet. 

The Cato of 50 guns, and 

The Cruifer, a King's cutter, from Lifbon to Gibraltar. 

Although, 
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Although, in the cafes here enumerated, it became known that the 
misfortunes which happened to thefe fhips were occafioned by the 
lofs or difability of their rudders, yet it ♦was entirely owing to very 
extraordinary circumftances, fuch as the fhip's fometimes happily fur- 
viying the ftorm, and being accidentally picked up by other Ihips, 
and at other times by the fortuitous efcape of fome failor or pafTenger; 
but as, when thefe accidents happen, the fhip becomes immediately 
fixed in one fpot, without being able to make way to any place of 
fafety, but inevitably lies, with her broadfide athwart the wind and fea, 
'till ftrained to pieces and totally loft, it oftener happens that fhe is 
never heard of more. 

No lefs than nine among the fhips in the above lift, that were cop- 
per worked, appear to have met with their refpedtive accidents, in the 
months of 06lober, November, and December, 1 79 1 ; a period at which 
the ill cfft&s of their copper works, (according to the opinions ad- 
vanced in this efTay) muft have been moft prevalent, arid rendered them 
moft fatally apt for deftru6lion. 

Having introduced thefe melancholy fa6ls, I fhall attempt to account 
for the lofTes of ftiips' rudders in general, fo far as the topic has relation 
to the fubje6l and intention of this trail. 

Soon after copper-bolts and rudder-works were introduced, it was 
difcovered that they did not pofTefs a fufficient degree of ftifFnefs, and 

that 
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that the rudder-works bent and twifted by the force of even a mode- 
rate fea. The copper fumifhers, by endeavouring to remedy this evil, 
have fallen into a greater; for, by mixing other metals with the copper 
in order to harden and ftifFen it, they have rendered it brittle, and, 
confequently, more liable to break by a fhock than it was before. 
On this account, a heavy fea fnaps in pieces the rudder-works, which 
hold the rudder to the ftem-poft, or, breaking the^ faftenings of the 
ftern-poft, carries away the rudder, ftem-poft and all; as, it particularly 
appears by the account given in TToe Timesy juft mentioned, was the cafe 
with The William and Mary. In (hort, as there never were fo many ac- 
cidents of this kind before the ufe of copper in fliipping, it is clear, 
both from the fadt and the ai-gument, that thefe extraordinary lofles 
can only be imputed to the objefted improper ufe of this metal. 

If we refort to chemical principles, we find the moft decifive confir- 
mation of what has been advanced. 

Doftor Watson, in the fourth volume of his EfTays, propofes the 
following problem: 

** If the fa6t fhould be once well eftablifhed, that fhips, fheathed 
** with lead or copper, will not laft fo long as thofe which are un- 
" fheathed or fheathed, only with wood, it would be a problem well 
*^ deferving the confideration of chemifts, to enquire into the manner, 
" how a metallic covering operates in injuring the conflruftion of 

'' fhips. 
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fliips, and whether that operation be exerted on the iron bolts or on 
the timbers of the fhips." 



I anfwer thus : that a metallic fheathing muft inevitably injure the 
whole conftruftion, but copper perhaps ten times fafter than any other 
metal. 



" Copper is the moft liable to corrode of all the metals ; for all kinds 
*' of falts and all un6luous bodies, in (hort, every thing in nature, is a 
" folvent for it ; if only expofed to a moift air, it readily acquires a 
" green ruft, and even water, in time, will diffolve it."* 

Copper is afted on by other bodies, and afts on them, in proportion 
to the affinity it has with them, or the acids they contain. 

Sea water contains an acid that diflblves copper with great facility — 
the produce of this folution is verdigris, which contains an acid that 
is, perhaps, a compound of marine and vitriolic, which is a moft pow- 
erful menftruum for diflblving iron. Thus, when it was the pra6tice 
to fheath (hips with copper, which were bolted with iron, the verdigris 
produced, by the folution of the (heet of copper, in the fea water, de- 
ftroyed the iron bolts and rudders' irons under water, with a rapidity 
never before known, and, unlefs it had been feen, fcarcely to be credited. 



♦ Didionary of Arts and Sciences. Art. Copper. 

The 
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The principle on which this operation is performed, according to 
the beft informations of plilofophy, is this. Iroti has more affinity 
with the acid contained in the verdigris (or folution of copper) than 
the copper has, and when this acid comes within the attraftion of the 
iron, it quits the copper to unite with the iron, and deftroys it in the 
operation : fo that in the cafe of copper fheathing being placed in fhips 
whofe bolts were of iron, both the metallic fubftances were deftxoyed 
by the two concomitant operations. 

Copper, from its reception of all forts of menftrua, (for every other 
metal has its peculiar folvent) has been ludicroufly called by the che- 
mifts " meretrix publica^' a common proftitute,* and — to continue the 
metaphor — in as much as fhe is ever ready for the reception of all men«> 
ftrua, when in ^ found and healthful ftate; fo, when difordered^ (i. c. cor- 
roded) fhe communicates difeafc and deflru6tion to ev^ry body that 
has any thing to do with her. 

A fmall quantity of verdigris is a certain difTolvent of the human 
frame, and the mofl trivial proportion of it is highly pernicious. A 
folution of one fingle grain of copper, in fpirits of fal-ammoniac, will 
tinge with blue more than 256,000 times its own bulk of clear water, 
and render it deleterious. 



■hM. 
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♦ Dictionary of Arts and Sciences, Art. Copper. 



It 



\ 



[ 122 ] 

It is alfo deftru6live of all fibrous and ligneous fubftances: one 
grain of it in folution, diluted with a fufficient quantity of common 
water, will burn the furface of a fquare foot of unftained leather to a 
blackifh hue, and its operation on timber is pretty nearly as violent. 
Thus, when it was the pra6lice to ufe iron bolts and works in copper- 
ftieathed fhips, the iron, having more affinity with this acid, than 
either the copper or the timbers of the fhip, was attacked by it fo vio- 
lently as to be deftroyed by it with that incredible rapidity that has 
been before mentioned. 

In that cafe, perhaps, the copper fheathing did not injure the tiitibersr 
of the fhip, in any very confiderable degree; but, fmce the iron has 
been removed, and copper bolts and works have been fubftituted for it^ 
the verdigris has nothing near it of any affinity with it but the planks, 
and timbers of the fhip, and confequently now exerts its corrofive pow- 
ers, and burns and deflroys them, as rapidly as it before did the iron.' 
— Nor is the injury the planks and timbers of the fhip receive from 
this operation all ; for the bolts, nails, and other faflenings, get loole and 
infirm, in their places, and render the fhip liable to ftrain and founder 5 
and if the bolts and nails, that hold the flern-poft or its faflenings, da 
not break, they will draw* with much more facility than they were 



♦ It has often happened that they have been drawn with the mere rolling of a (hip ; and it 
has been frequently found, that the planks of our men of war have been deftroyed by the cop- 
per (beathing and nails in little more than a year. 

driven^ 
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driven with, and then, agreeable to the common fea phrafe, ** farewell, 
'^ rudder ; farewell, fhip." 

It is upon this principle that walking canes are ftained. The ope- 
ration is performed thus: The manufafturers of thefe take a fmall 
quantity of vitriolic acid, put it into a tea-cup, and dilute it with eight 
or ten times its quantity of water. With this acid they wafti the cane 
all over, then take fome pot-afh and water (already for the purpofe 
mixed in a fort of pafte) and with their fingers fprinkle it over the 
cane. Wherever the pot afh falls, the acid, having more affinity with 
the alkali than with the cane, will quit the wood and unite with the 
afh; thofe parts of the cane, therefore, where the afh falls, retain their 
natural hue, or are only a little difcoloured; and where it does not fall, 
the acid, having nothing to unite with but the cane, attacks and bums 
it black, brown, red, &c. 

So the acid, produced by the folution of copper bolts, nails, fheath- 
ing, &c. in fea water, deflroys the timbers and planks of a fhip; be- 
caufe, there being no iron, the verdigris has nothing to attach itfelf to 
of nearer affinity than thofe timbers, planks, &c.; upon which, there- 
fore, this ever-mifchievous folution begins and continues to prey, until 
thofe deflru6live and fatal efFefts follow, that have been before defcribed. 

Among thefe efFe6ls, it is of material confideration too, that though 
a fhip, whofe metallic works are copper, fhould efcape foundering from 

R 2 the 
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the cauies affigned, as refulting from the ufe of that metal; yet, when 
fhe comes to repair, if the timbers were not perfe£lly dry, or retained 
any of their vegetable juices when the fhip was jnade, the bolt-holes, 
&c. will be found to be fo burnt by this eager acid, that the holes muft 
be bored as big again as at firft, or new holes bored before fhe can be 
new bolted, which muft certainly weaken the (hip, to fay nothing of 
the additicmal expence of enlarged bolts, if the old holes are bored 
anew. 

It has been frequently obferved, fmce it has been the pra6lice to 
flieath with copper, as well for the purpofe of faft failing, as for de- 
fending the fhips bottom from worms, &c. that fometimes the copper 
will laft four or five years, and at others not a third part of that time> 
which has been confidered by many to be very myfterious. 

To me, however, it feems that there is little difficulty in accountings 
for this. In the firft place, there is a great difference in the qualities^ 
of the copper of different countries, and of different parts of the fkme 
country, in weight, denfity, dudtility, and liability to corrofi<Mi;* and a 
great deal depends upon the pcrfeftion of the procefTes of fmelting and 
rolling. In cafe the copper be incompletely fmelted, before it is ient 
to the rolling or flatting miUs to be rolled into fheets, or if in un- 



♦ I am now fpeaking of mere copper, not the bafe mixture of late in ufe for (heathing. 

dergoing, 
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dergoing this laft operation the coppa: (as is too commonly the cafe) 
be heated very hot, in order to pafs the more eaffly between the rol-^ 
lers, the fheets are apfcdtaaJt porous, and of courfe the metal is the re- 



caption of its various menftrua; but when the copper has been perfe6Uy 

melted, and is paffed entirely cold, or but (lightly heated, between the 

rollers, the increafed number of times neceflary to reduce it into fiieets 

condenfates it, renders it lefs porous, and of courfe enables it%o fuftain 

the aftion of fea water better than that which has been wrought after 

the former manner. But prol^ably the chief reaibn is this : — There is an 

acid which feems to be univerfally difRifed throughout nature for its 

pref^rvation from putrefaflion. This is moft plentifully foimd in 

that vaft body of water the fea; and as heat promotes putrefa6)i<Hi 

fafter than cold, it follows that a greater quantity of acid is neceflary 

in hot than in cold climates; and it feems to be wifely ordained by 

Providence, that the fea is impregnated with this acid more or lefs in 

proportion to the degrees of heat or cold it is to fufFer; accordingly, 

fea water becomes gradually more fait, as it approaches the equinoctial 

line, and vice verfa.* 

It 



* This is the doSrine of Mr. Boyle. Subfequent purfuers of pUlofophy ieem to have 
afcertzincd, that fea-water is not the moft ftrongly impregnated with fait, precifdy at the 
Equator, but where the fun is vertical, in which (ituation probably s wholly faturated. 

Dr. Irving, when he accompanied the late Lord Mulgrave in his frozen expedition 
towards the North pole, with a view to difcover a paffiige that way to India, afcertained that in 

latitudg 
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It has been difcovered that a pint of fea water in the Mediteraneail 
contains an ounce of fait; that the fame quantity of water in the Baltic 

% 

contains 



latitude 80, near the ice, the water contained not one thirtieth of fait. And in a voyage to 
the Cape of Good-Hope it was difcovered that near the ifland of St. Jago, by St. Nicholas, 
it contained one- fourth of fait, 

Thefe and other experiments confirm the dofhine of Mr. Boyle; and, in deliberating on 
this wonderful ceconomy of Providence, a thought has ilruck me, which, if it fhould turn out 
to be a jufl hypothecs, may be of fufiicient importance to Europe to claim its notice; I (hall 
not, therefore, apologize for digrefling to a note on a fubjeft fo foreign to the defign of this 
trad, as the following may, by fome, be confidered to be. 

If the ufe of fait in nature be to prevent putrefai^on, and if heat be more capable of pro- 
ducing putrefaftion than cold, it fliould feem that all matter fufceptible of putrefaftion, as well 
animal and vegetable, as aqueous and aerial,* muft have a larger portion of fait in its conftitu- 
tion to guard againft this deftru£lion in hot,^than in cold climates. Hence probably the reafon 
why the vegetable productions of a cold, ceafe to cxift in a warm climate; and hence alfo the 
reafon, why fo many thoufands of Europeans, who venture on the (hores of India, fo fpeedily 
feB vidlims to malignant putrid fevers; for, if the fea and air require fix or eight times the 
quantity of fait on the Afiatic, mor^ than on the European (hores, to preferve them from pu- 
trefedion, why (hould not animal bodies require a fimilar increafe of that ingredient, as a nc- 
ceflEuy conftituent to a fimilar prefervation? 



• I fay aerial, for it appears clearly, by the fa^ mentioned by Sir George YouN c, page 112, that the air 
at Formofa, muft have contained at Icaft eight or ten times the quantity of the univerCil or fome other acid, 
flian the air of England does. What clfe could have corroded the keyt in hit pockf t, in fo rapid ^ manner? 

Would 
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contains only half an ounces and that a pint of water of all the feas 
near the Equator contains from three to five ounces of fait: and the 
more the water is impregnated with falt> the fatter will it diflblve the 
copper; — hence, it follows, that the copper fheathing of a fhip will 
laft as long again in the Baltic as in the Mediterranean; and from four 
to eight times as long as in the Southern part of the Atlantic, the 



Would not daily bathing in warm baths of fea water, or water and fait, while on the paf- 
l^e, and on landing repeating it frequently on (hore, infufe into the conftitution more than 
the ufual quantity of fait? or can it be done any other way? And iffo, might not fuch 
a fupply of fait enable Europeans to fupport the heat of the Afiatic climate, and preferve theni 
from the attacks of this malignant diforder, wliich has hitherto bid defiance to all medical art? 

WouldMt not be worth while to endeavour to difcoyer, whether the blood and juices of the 
' body can be fpeedily falted, by fuch bathing, or by any other mode ? — To any ingenious phy- 
ficiari, inclinable to make fuch experiments, I give the fdlowing hint: 

Let a pint of blood be taken from each of a few individuals, and the quantity of fait each 
pint contains be afcertained j^-and let fimilar experiments be made on their urine.— Then let 
them ufe the warm felt baths for given periods of time, and afterwards repeat the experiments, 
to difxiovefr if the Irke quantities of blood and urine contain a larger quantity of fait than at the 
making of the former experiment. — If it ftiould turn out that the fait can be, by this ^rocds, 
infufed into the conftitution, the idea may be worth the paper, which I (hall, otherwife, have 
wafted upon it. Does the blood of an African, &c. contain more (alt than that; of a Eu- 
ropean ? 

I fee vaft utility that may arifr from* fuch experiments, even at home, provided my hy- 
pothefis be juft, but I cannot here enlarge upon them. * '^ 

Ethiopian 
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Ethiopian fca, the Southern and Indian oceans, or the tra6l from the 
South feas to the Pacific ocean. So that the fame (heets of copper will 
corrode as much, and do as much mifchief to a ftiip, in one voyage to 
India or Gaudaloupe, &c. as they would do in fix or eight years to the 
fame fhip in cruifing the Britifh ocean or failing up the Baltic. — Hence 
the reafon why the fheathing of the Queen Eaft^Indiaman, mentioned 
in the note, page 60, was fo wonderfully wafted in one voyage; — hence 

the lofs of the Foulis; — and hence the train of misfortunes that 

> 

have attended our Indiamen and other foreign trading ftiips, fince the 
ufe of copper in (hip-building. So that, as the Teredo worm abounds 
jnoft in hot climates, it unfortunately happens that copper fheathing 
is leafl ferviceable, where a metallic fheathing is moft wanted. Indeed 
it frequently happens, that, when the fheets get thin, this deftru6tive 
worm a6hially bores through them, and attacks the fhip with as 
much facility, as if it were fheathed only with wood, or payed over 
with rofin, pitch, &c. 

From thefe circumftances, inftead of any advantages being gained 

by the adoption of copper bolts and works, in preference even to com^ 

mem good iron, the contrary feems to be the cafe — and if lead fheathing 

were difcontinued, on account of its injuring the iron works of the 

fhips, how much more necefTary is it, that copper, which appears to 

be, not only deficient in ftrength and fubjeft to corrofion. but alfb to 

be eminently dangerous to the whole ftruftuje of the fhip, fhould be 

immediately abolifhed ! 

A As 
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As a fuccedaneum for copper fheathing, I propofe a new metallic 
compound fheathing, of which lead is the bafis^ which in the firft coff 
will be rendered cent per cent cheaper than copper; and for copper 
bolts> rudder- works, &c. I propofe my anti-corrofion iron* 

With refpeft to my propofed metallic compound fheathing, I offer 
to fuflain this propofition, that it is as tough, as flrong, and as fmooth, 
as copper, and Jive times lefs liable to corrode ; and with refpeft to 
my anti-corrofion bolts, nails, rudder-works, &c. I offer to fuflain 
this propofition, that they are as fbong, if not flronger j as toughs 
if not tougher; more durable, and lefs liable to corrofion, than any 
made of the befl iron, and confiderably flronger, tougher, fighter, and 
infinitely lefs fubje6t to . corrofion^ than any made of copper or mixed 
metal. 

Both my bolts, &c. and fheathing, having equal affinity to the acidt 
contained in fea water, they will not injure one another: and I offer to 
prove that both of them, being lefs liable to corrode than any yet 
brought into ufe, will proportionaWy lefs injure the conftru6Hon of 
the fhip; for in the compofiticm of them, I have proceeded accurately 
upon the propofition laid down in page 69, and have, I think, come as 
near to it as poflible: I have a method alfo of laying on my fheathing^ 
from which advantages fuperior to any as yet in praftice, may be de- 
rived, whenever brought into ufe. 

» My 
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My anti-corrofion bolts and works are not liable to any of the ob- 
jeftions made to iron or to copper — for, by remsdning unimpaired, 
they are drawn as eafily as driven ; and, as they neither diminifh in 
themfelves nor injure the timbers, they remain tight in the (hip. They 
are preferable then, to iron, inafmuch as they do not fix themfelves in 
the timbers of the fhip by ruft, fo as to be incapable of being drawn 
when it becomes neceflary j and they are preferable to copper, inaf- 
much as they do not diminifh in themfelves, nor corrode the timbers, 
and by thefe means get loofe; and inafmuch as they are fo ftrong and 
tough, that the moft violent ftrains that a fhip can bear, will not break 
or bend them; while a trifling fea will twifl and fnap copper or mixed 
metal ones to pieces. 

I therefore offer my metallic works to fupercede copper, for all the 
purpofes to which copper is applied in fhip-building, and to fhew the 
faving that will be made, by the fubflitution, I fubmit the following 
calculation and comparifon on one ton of each. 



A CALCULATIOM OF THE DIFFERENCE IN THE EXPENCE OF PREPARED 
IRON AND COPPER, FOR SHIPS BOLTS, RUDDER-WORKS, &C. 



The original cofl of a ton of prepared iron bolts jr.45 o o 

Suppofing 
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£. s. d. 

Brought up 45 o o 

Suppofing a fhip to be broken up in fifteen years, there 

is the intereft of 45I. for that time to be added, fay at x^ 33 15 o 

5I. per cent, which is 

Total 78 15 o 

Now fuppofing that my bolts are not corroded in that 
time, they are worth 1 5I. to be prepared anew. 

But fuppofing that they (hould be corroded, and are 
worth, as the Navy Board ftate* as old iron, only 

Then deduft that drawback of lol. from the 78L 15s. 7 
and the coft of a ton of prepared iron bolts is f ^ 

The original coft of a ton of copper bolts is na 00 

The fpecific gravity of copper being equal to one fix- 
teenth more than that of prepared iron, it will require 
4olb. of copper to^be added* to the ton, to make the fame 
number of bolts (and of equal dimenfions) as were made 
out of one ton of iron. 

There therefore remains to be added for the additional 7 
1401b. of copper, at one fhilling per lb I 

Total 119 o o 

* See page 87. 

s 2 Interefl 
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Intcreft of 1 1 9I. at j&ve per cent, till the (hip 



lip be broken / 
_ I 89 



«p^ viz. for fifteen years « - ' ^ 

Total 208 15 Q 

Suppofing that by the natural wafte of the copper in 
the fhip, and by the clipping and thefts of the workmen* 
in driving and drawing, only one- third of the copper is I , g 

wafted, then there is a drawback on the two-thirds of the 
ton of copper, at nine-pence per lb. to be deduced from 
the laft total 

So that the final expence for a ton of copper bolts is.... 148 9 8 
While that of prepared iron is only 68 15 o 

The difference in favour of the latter is therefore upon 7 

t.- 1 1 • > 79 14 8 

this calculation, per ton I 

In order to fhew the aggregate importance of the faving that will 

be made by the adoption of my prepared iron bolts, &c. as a fucce* 

daneum for copper for fhip-building, &c. I (hall give the following 

table, containing the number of bolts driven under water in a feventy- 
four gun (hip, their diameters, weights and lengths, and then oflfer 



AT* 



dta 



♦ For this fee pages 58, 60, and 91. 

a calculation 
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a calculation to fhew the faving that will be made in the whole navy 
of Great-Britain. 
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No. Diatn. Weight. 

Inch. Tons* Cwu. Qn. 

In the fcarps of the keel and ftem 6o i^ o 3 o 

In^the deadwood, floors and keelfon 80 li i 

In the orlop knees 260 

In the riders 380 

In the hooks, crutches, and flops 90 

In the fleepers 60 

Butt ends and bolts in the bottom 600 

In the knee of the head , 8 

The weight then of the iron bolts driven in 
a feventy-four gun fhip under water is 

And as the faving on the ufe of a ton of pre- 
pared iron bolts, inflead of a ton of copper, is 
79L 14s. 8d, the faving on the bolts driven 
under water in a feventy-four gun fhip will be. 
if I have calculated right 742I. 14s. 8d. 

My fheathing is of the fame price as my 

, , ., ^ ?^^ ^45 P^f ton. 

bolts, nails, &c ^ ^ -r j r 



7 la o 



The 
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Thd navy of Great-Britain, comprifing (hips of the line, fifty-gun 
fliips, frigates, (loops, &c. confifts of four hundred twcnty-thrce fail, 
all of which, it feems are to be fheathed, &c. with copper. Now fup- 
pofing all . thefe fhips confumed as much copper as two hundred and 
fifty feventy-four gun fhips — then, if my bolts, &c. be adopted in the 
navy inftead of copper, the faving on bolts under water* would be 
187, 762I. IS. sd. And fuppofmg that only as much more is ufed in 
nails, rings, (heathing, rudder-works, &c. the faving would be375,524l. 
2S. lod. The annual faving of interefl and repairs will be equally 
confiderable : and as this prepared iron has a fuperiority over copper in 
flrcngth and permanency, and more t3ian cent, per cent, will be gained 
on the change, merely on the firfl cofl; it mufl, upon the cleareft dic- 
tates of reafon and truth, be altogetlier preferred to copper. Nor is 
what the publick and merchants will fave, in the original coft, the only 
advantage to be derived from the adoption of this manufafture; for 
the bolts, nails, &c. upon the breaking up and repairing the vefTel, may 
be ufed over again, fo that the whole of a fecond expence, deducing 
wear and tear, will be faved. 

Befides all this, a moft material advantage is gained, in repairing 
or heaving down fhips on foreign ftations s for, by the ufe of the fame 
unimpaired bolts and nails, the neceflity of new ones, and of fetting up 
forges on fhore, is done away, and much labour, time, and expence, faved. 



♦ Copper bolts arc as yet in general only ufed in thofe parts of the fhip that are to be under 
water. 

It 
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It has been fliewn, that the weight of iron bolts driven under water, 
in a feventy-four gun fhip, is^ 7 tons, 1 2 cwt. and that an additional 
weight of 1401b. per ton of copper, is neceflary to make as many 
bolts as the iron; it therefore appears, that the weight of copper bolts, 
driven under water, in a fhip of the fame fize, muft be 8 tons, i cwt. 
241b.; and computing, as I have before done, that it takes the fame 
quantity to fheath and nail her, &c. &c. the quantity of copper ufed 
in a feventy-four gun fhip, is 16 tons, 3 cwts. i qr. 2olb. which, in the 
whole Britifh navy, is upwards of 4,000 tons, or more than fixteen mil- 
lion pounds weight. 

If therefore copper be abolifhed in the navy, perhaps 2,000 tons 
might be procured from thence to fupply the brafs-makers j the fale of 
which would pay for fupplying its place with the anti-corrofion ma- 
nufacture, and leave a balance of nearly ioo,oool. in the hands of 
government. 

I offer my bolts and nails, and reconunend them, for all kinds of 
fhipping, and mofl particularly my nails for deck-nails, and for nailing 
on wood fheathing. 

The common iron nails, that are driven into the wood fheathing, 
are, in warm climates, deflroyed in one year, and I think I may ventiu^ 
to warrant mine to lafl fix, perhaps twelve years. 



But 
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But fuppofe they only laft three, (and that they will do fo has been 
proved) the faving will in this cafe be richly worth attending to, ex- 
clufive of the dependance on them in performing any voyages. 

They are alio moft important for clencher-built veffels of every 
fort. 



It was long ago a maxim, well known to every fhip^builder^ failor> 
and merchant, concerned in fhipping, that a clencher-built fhip or vcflel 
would fail much fafter, and be much more buoyant on the water, than 
a carver-built one : yet it is not the praftice to build clencher veffeU 
but for particular expedition, fuch as packets, finuggling veffels, &c^^ 

This being (b well known, every man^ who has not thoroughly 
inveftigated the nature of Ihip-building, will naturally alk why 
it is not tmiverfally adopted? The anfwer is fhort and iimple; 
Great as the advantage apparently is, and muft be, in favour of the 
clencher-built veffel, as well for expedition as for burthen, the expence 
of repairing is more than equal to the advantage; for the heads and 
bodies of the nails, in a clencher-built veffel, being more expofed to 
the air and fea water, than in a carver-built one, corrode and deftroy 
both themfelves and the wood fo faft, that they feldom laft above two 
or three years ; by which time the veffel gets leaky, and wants a thorough 
repair or entire new planking; and by this time the nails and bolts are 
fo rufted in the timbers, that they cannot be drawn without dange-^ 

roufly 
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roufly ftiaking the whole ftrufture of the fliip. The prepared bolts 
and nails completely avert this difadvantage : They neither decay in 
themfelves, nor deftroy the timbers ; with them thofe who prefer the 
clincherbuilt veffels, may now build after that mode, without the lead 
dread of being put to the expence of repairing, while the timbers and 
planks laft -, and even when the planks are worn out, and the veffel 
requires new ones, the fame nails will ferve again, as has been demon- 
ftrated in the cafes of the veffels called the Bud and the King Grey. 

Under all thefe circumftances, I truft, nay, I am flattered to hope, 
that the governing powers of this country will not delay to do juftice 
to the public, by proceeding ferioufly and immediately to afcertain the 
truth of what I have alleged, upon fubjefts that in themfelves are un- 
queftionably of great political and national importance. 

My education and habits of life not being well adapted to the employ- 
ment of fuperintending a manufadlure, I muft beg permiflion to add, 
that I have formed a Company, called the London Blanched Iron 
Company,* for the purpofe, whofe addrefs is added to this traft; and 
if, upon revifion and further confideration of the fubjeft, the Lords of 
the Admiralty (hould be of opinion, that the experiments I have here 



* Since the antecedent part of this work has been printed off, I have thought " Blanched 
^' Iron** more adapted to the comprehenfion of the people than Anti-corrofion Iron ; and have 
therefore fubftituted that term for anti-corrofion j though, for the fake of uniformity, I (hall 
continue the term through the reft of the traft. 

T publifhed 
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publiftied are fufficient to prove that the rife of my ndls will be ad- 
vantageous to the navy, the faid Company are ready to contrafl with 
the Right Honourable Board to fupply their wants with all poffible 
expedition. 

I proceed now to the fecondly propofed head of con(ideration, namely> 



OF THE USES AND ADVANTAGES OP THE PREPARED IRON IN AP- 
PLICATION TO MUSQUETS,. CARBINES, FUSEES, PISTOLS, &C. FOR 
THE ARMY» MILITIA, MARINES, &C. AS WELL FOR HOME AS 
FOREIGN SERVICE^ 

WITH SOME INTERESTING REMARKS QN M0SQfSTS/ 

IT is well known, that a great deal of the foldier's time is, at preient> 
neceffarily taken up in cleaning his arms, and that in warm and moift 
climates, and in the fea air, in fudden a£tion or in long marches, fire- 
arms, when moft wanted, are too often found ufbleis on accoimt of 
ruft, which it is not in the foldier's power to prevent. At home» ia 
our armouries, the cleaning of arms is the fole bufinefs of many meii^ 
with falaries and perquifites, and ftill the arms become unferviceablc 
and wear out by mere cleaning. The permanent prefervation of them,, 
in a found and clean ftate, by the anti^corrofion^ would coniequently 
xyptnXt a confiderable faving. When in uie, at fea or in the fidd, a tittle 

chalk and a woollen cloth, only, are neceflaiy to keq) them Mgbt^ zs 

well as clean. 

It 
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It is thepraflicc of the foldiers, when they clean their. mufquets, to 
take the barrel from the flock, and, holding one end in their hands and 
refting the other on a table, to rub the barrel with the ramrod, 
the bayonet, a piece of brick or a ftone, hard enough to get off the 
raft. The method of the marines, indeed, is far worfe thdn this : 
They faflen two loc^s to the beams under the half deck, fo as to re- 
ceive the two ends of the barrel, throw a rough brick-cloth over it 
thus fufpended, and, holding one end of this brick-cloth in each hand» 
rub or rather grind the barrel with all their force and weight. This 
treatment inc^tably warps the barrels, while it waftes the fubftance 
of Aem s and it has loi^ been obferved by military men, that if you 
give a regiment new arms to-day, and they have frequent occafion to 
ckan them, lliey become fo warped in a month, by thofe violent and 
uncouth operations, that fcarcely twenty mufquets in the regiment will 
hit a man at the diftance of twenty yards; and it is probably more from 
this caufe than any other, that (according to the renowned Duke of 
Marlborough's obfervation) not more than one bullet in two thpufand 
does execution in battle, and that the arms of the marines are ipoiled 
fo much fooner than thofe of other military corps. 

In newly-raifed regiments, the locksy alfo, 2^t fpoiled by the inexpe- 
rience of the men, who, when they have taken them to pieces and 
cleaned them, find it difficult to put them together again. To remedy 
thefe inconveniences, a great deal of trouble has been taken, by the 
prefcat noble and intelligent Mafter -General of the Ordnance, whofe 

T 2 attention 
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attention to the duties of his important ftation, and to all who calx 
filggeft any publick improvement, it is juftice to Acknowledge. Mr. 
Nock, of Ludgate-hill, has been for fome time conftrufting, under his 
Grace's duedtion, a very curious lock, which has not a fcrcw in its 
whole fabrication, but is kept together by the preffure of One fpring 
afting upon another; the whole being ingenioufly confined within the 
plate of the lock, and, when this lock is taken to pieces, it is impoflible 
to put it together again but by the right way. 

The united ingenuity of the Dukes of York and Richmond has 
alfo given rife to a variety of improvements of the mufquets to which 
thofe locks are to be placed. To teach the foldiery to level well, is one 
of the greateft difficulties the military officer meets with; and, to fur- 
mount it, the Duke of York has fo contrived the firelock, that the 
foldier, holding it by a particular convenient part, which it is difficult 
for him to avoid, cannot, but by wilful defign, lift the piece to his 
fhoulder without its two ends being inftantly fo equipoiied as to give 
it its proper level. By this newly-conftrufted lock then, by Ais capital 
improvement to facilitate and fecure a correal level, and laftly, by the 
adoption of my preparation of the barrel to keep it from rufting, and 
confequently from being warped and wafted by fcouring^ many very 
material inconveniences will be avoided and done away* 

The anti-corrofion is alfo efpecially applicable to the lock-pair. In 
common mufquets the pans of the locks, by frequent firmg, and want 

of 
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of cleaning, are fo corroded by the nitrous acid left by the powder, that 
the ruft frequently choaks the touch-hole, which in a fhort time alfo 
corrodes, and the piece is rendered ufelefs. 

The advantages of the anti-corrofion would be particularly mani* 
feft in Afia, Africa, and America, where iron, from the caufes already 
afligned, corrodes much f after than in Europe; though, with refpeft 
even to Europe, I have been informed by fome officers, who ferved in 
the Irifti brigades, with the Auftrians, againft the French, during the 
laft campaign, that, towards the end of it, not one mufquet in an hun- 
dred would go oflF for days together, they were fo injured by ruft; and 
the French arms ztq faid to have been in a far worfe ftate than theie. 

I might have made a confiderable advantage by going to France, to 
prepare the French arms^ this winter; but, as I thought, from the ap- 
pearance of things, that we ftiould be involved in a war with that 
people, I could not (as I had the honour to acquaint Mr. Pitt) think 
of fliarpening a poignard, which, I apprehended, might ftiortly be 
aimed at the bofom of my country : and therefore I declined the ex- 
pedition. 

The advantage which an army, whofe mufquets the moft violent and 
continued rains and damps will not afFe6l^.muft have over one whofe 
whole power may be impeded by a fmgle ftiower, is, I fliould think, 
too great not to be coveted by every Ibldier; and, I would hope, that 

the 
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the Powers intended to be combined to check the progrefs of French 
mifchief, will not pafs a campaign, without availing themfelves of 
ibme of the advantages held forth by the anti-corrofion manufa£hire* 

I therefore quit this topick» and proceed to the third prc^x>fed h^ad 
of confideration, viz. 



CONSIDERATIONS ON THE ADVANTAGES OF THE ANTI-CORROSION 
IRON WARES, PECULIARLY PREPARED WITHOUT THE LEAST CON- 
TAMINATION OF COPPER, BRASS, OR LEAD, FOR CULINARY AND 

OTHER VESSELS NECESSARILY MADE OF METAL. 



WITH OBSERVATIONS ON THE POISONOUS EFFECTS OF BRASSj COFPER» 

AND LEAD, IN THOSE ARTICLES. 

BESIDES the extravagant exportation and viranton confiimption 
of copper, in the modes which I have expofed and reproved, in former 
parts of this traft, both copper and brafs are pemicioufly mifufed in 
making veflcls for cookery, pharmacy, &c. 



By this praftice, ^akfaBB^bb imiverfally condenmed, yet tmivcrfidly 
continued, our healths arc conftantiy in danger, frequently ii^ured, 
and frequently deftroycd. The unanfwcrabk rcafomngs of ptuktofhy 

have 
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have in vain attacked it ; all the eloquence of philanthropy has been 
thrown away in pathetick difluafions from it; ten thoufand morbid mi- 
feries, and death itfelf, have failed to frighten us out of it; experience 
has as ineffeftually proclaimed its dangerous efFe6ls in every village, 
ftreet, and alley of the kingdom ! There is at this time hardly ^ 
tavern, coffee-houfe, or private family, but has its pots, kettles, fauce- 
pans, ftew-pans, pickling-Ikillets, milk-pans, &c. of this metal, or it's 
compounds, brafs and pot-metal. 

Refpefting the deleterious efFefls of thefe metals, where ibiutions 
of them have been communicated to aliments, fome of the moft curi- 
ous fa£ls that I am acquainted with, have come within my own im- 
mediate knowledge and obfervation. But as no one will attempt either 
to reiift fo dreadful an army of fa6ls as is already extant on this topicky 
or to qualify the force of their application, I (hall filently pafs them 
all, under an ardent hope, that the praflice of drefling food for the 
human fpecies, in veffels pregnant of acute poifon, will no longer 
tamifh the boafted mental luftre of the eighteenth century. 




GOLftEN caJ ^ 

The 
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The life of copper, 4»#^«FCTWT«ii^ in England, is of very long (landing. 
The difcoverles of antiquaries, as well here as in other parts of Europe, 
have evinced, that it was the metal firft ufed for warlike weapons, and 
it is highly probable, that it was alfo the firft ufed for culinary pur- 
pofes, becaufe, as it is often found in a pure metalline ftate, it was 
more eafily moulded into the neceflary forms for fuch purpofes than 
any other ; and no doubt thoufands fell facrifices to the ufe of it, in 
culinary purpofes, before it was fuppofed to be attended with danger. 
When this danger was difcovered, and men advanced in the fcience of 
myetallurgy, they were put upon the idea of what is called tinninj; the 
infide furface of the copper veffels, — a prafticc which may fairly be fup- 
pofed to be derived to us by the Romans, in the time of their dominion 
and colonization of this Ifland.* But the difficulty of making pure tin 
adhere to copper, in the prefent mode of tinning, is very great, and what 
but few, even of thofe who pretend to it, can effedl. The metal which 
is now laid on by the generality of copper-finiths and tin-men, is a 
compound in itfelf unwholfomej for lead is a conftituent of the com- 
pofition : and from the tenuity of the coat which they lay on, even 
where they ufe pure tin, it is not fufficient to prevent the poifonous 
qualities of the copper from being abforbed by the meat that is boiled 
in them; or, grant that it completely excludes the copper, the opera- 
tion of fcouring foon wears it off, and the danger returns : — 
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f See page ^^. - 
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DoftorWATsoN, treating of this fubjeft in his Chemical Effays, fays, 
** I had the curiofity to eftimate the quantity of pure tin, which is ufed 
in tinning a definite furface of copper. The veffel was accurately 
weighed, before and after it was tinned. It's furface was equal t6 
two hundred and fifty-four fquare inches; its weight, before it was 
** tinned, was forty-fix ounces, and its weight, after the operation, 
** was barely forty-fix and an half; fo that half an ounce of tin was 
** Ipread over two hundred and fifty-four fquare inches, or fomewhat 
" lefs than a gr^n of tin upon one fquare inch. How innocent foever 
*^ pure tin may be, yet the tenuity of the coat of it, by which copper 
*^ veflTels are" (and only can be) " covered in the ordinary way of tinning, 
*' cannot fail to excite the ferious apprehenfions of thofc who cbnfider 
** it; for, in the experiment which I have mentioned, the tin was laid 
" on with a thicker coat than in the common way: inftead of a grain, 
*^ I fufpe<5l that not a quarter of a grain is fpread over a fquare inch 
^^ in the common way of tinning." 



The labours of learned men who have written againft this manufac- 
ture, have put the manufa6lurers on fubftituting others ; but all that 
have yet been thought of are liable to fome objeftion or other, fo that 
the ufe of copper, with the name of being tinrid^ ftill prevails. 

Though we were principally beholden to foreigners for copper and 
brafs, we had no other metal in ufe for cuhnary veflels and houfehold 
vitenfils (except caft-iron) till that excellent member of fociety Andrew 

u Yarranton, 
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Yarranton, about one hundred and thirty years ago, brought the 
fecrets of the tin-plate manufafture from Germany into England, 
where it came into general ufe about feventy years ago, as before ftated.* 
This feems to be the beft fubftitute for copper at prefent publicly known : 
it is perfeftly innocent; yet liable to objeftions on other accounts, 
which the copper-fmiths do not fail to enlarge upon as much as poffible. 
— If it be left on the fire without water, it will be burnt through in a 
fhorttime; and, if it be left damp after being ufed, it is foon deftroyed 
by ruft. It has been lately improved by the Ppntipool manufaflurers, 
who have made the plates much thicker than ufual. To this manufac- 
ture they have given very improperly the name of " Double Block Tin'* 
Had they called it *^ Double Tin-plate," the name would have con- 
veyed fome meaning with it, whereas at prefent it conveys none. This, 
however, is liable to the fame obje£lions, though in a lefs degree. 

The tinning of caji^iron has lately been attempted for pots and ket- 
tles — but this manufafture has met with little fuccefs. The difficulty 
of making tin, or any other metal, adhere to caft-iron, in the ufual 
mode of conducing the operation, is fo great, that none who have yet 
attempted it, have been able to fucceed in any tolerable degree. So thin 
is the coat that has been, as yet, laid on, that about three weeks ufe 
wears it completely off; and, when the tin is gone, the iron difcolours 
every thing that is boiled in it, to fo great a degree, that, as the cooks 



♦ The French writers have given the merit of publifliing the fecrets of this nianufa<9ure, to 
the celebrated Reaumer of Paris, who, they fay, difcovered them by hiring hirofelf as a la- 
bourer in the works of Germany, dreffed in the mean habit of a peafant. 



1^7] 

prefer appearances to health, this manufaflure is condemned; and 
copper ftill predominates in the kitchen, if not in the nurfery. 

Among the higher clafs of people a manufafture of another kind 
has been introduced— copper plated with filver — commonly called Shef- 
field plate. 

It is well known to thofe who are acquainted with the nature of this 
manufa6lure, that the folder neceflarily ufed in it will produce verdi- 
gris, though not in fo large a quantity as copper, yet in fufficient 
quantities to render the veflels unfafe; — befides, independently of the 
folder, the plate of filver is fo furprifingly thin, that it is fpeediiy 
worn off by ufe and cleaning; and as the filver is put upon the cop- 
per, by being cemented to it in a fquare piece by melted borax, and 
then rolled into a fheet before it is made into veflels, there is no way 
of applying new filver when the old is worn out, as you can apply 
tin, to veflTels made of copper:* fo that, upon the whole, the fil- 
ver plated copper is at leafl: equally objeftionable with tinned copper. 
Indeed filverfmith's plate itfelf produces a confiderable degree of ver- 
digris, and is unfafe for culinary ufes.-f- 



♦ One ounce of filver is often rolled out into a furfece of about three fquare feet, and its « 
thicknefs is about the three thoufandth part of an inch, 

Watfon's Eflkys, vol. iv. p. 200. 

f I have collefted from a fmall filver falt-fpoon which was in common ufe at table, and left 
to remain in the fait, when put away, near ten grains of verdigris in three months; and it 
had been occafionally cleaned during that time. u 2 
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In 1754, the Swedifh Govettiment, in confcquence of fome reprden** 
tations of the College of Health, were fb convinced of tfie danger of 
ufing copper veflels in any fhape, that they authoritatively abolifhed 
the ufe of them in their fleets, and ordered tinned iron to be fubftituted 
in their fl:ead. It is in every confideration to be wiflied, that all other 
States would follow the example, and, with refpeft to England, that 
the abolition might be extended to the ufe of culinary veflels in every 
houfe in the kingdom. 

In the Medical Obfervations of t^e London College of Phyficians, 
vol. ii. page i, it appears, that the fymptoms, fo commonly incident 
to failors, called highly fcorbuticy are attributed to the ufe of copper 
veflels : there is particularly a very ftrohg inftance given of two hun- 
dred fliips failing from Scarborough in the year 1757, all of which, 
except a fevsr, ufed iron pots, and thofe fymptoms were never feen in 
any of the men, except in the fliips where copper veflels were ufed. 
. And a variety of other complaints, commonly attributed to other caufes, 
or for which we find no caufe, I have no doubt may arifc from eating 
food drefled in thefe veflels, the poifon of which is thereby continually 
fiealing into our blood, and leading us imperceptibly to difeaie and 
death.* 



♦ It appears by the works of the Gentlemen of the Faculty, who have particularly attended 
to the operation of this poifon, that its mod (hiking effedls are, violent vomitings infufienible 
itchings and burnings, fudden pains darting through the limbs> difchai^ of bile, mflamma- 
tions, convulfions^ fainting fits, delirium, palfy, and death. 

It 
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It is decided by the chemifts, that nothing but iron, zinc^ and tin^ arc 
inncx:ent for culinary veffels ; fome have ob^edled to tin, and others 
to zinc, but it has been finally proved that thefe objections were without 
foundation. 

The manufafhires of tinned iron, hitherto brought forward, have 
falka fliort of fome conveniences which attend the ufc of copper, 
otherwife perhaps people would not be quite fo inconiiderate as to coa<- 
tinuc its ^5 hut I have difcovered a method oi enabling either a 
wrought or caft-iron pot to abforb almoft any given quantity of a 
metallic mixture, perfeftly innocent, and of coating the infide of both 
with as thick a coat of it as I chooie. Cajl^iron pots are Co liable to be 
broken, either by a blow, or by throwing water into them when hot 
upon the fire, that I fhall difcard them from my plan, and confine my* 
felf to wrought-iron. 

This then I propofe to fuperfede the ufe of copper in all the oom- 
mon culinary vefTels. 

I will fuppofe that a good thick wrought-iron pot will laft twenty 
years ; I can lay on a quantity of my compound fufficient to lafl as 
long as the pot; but fuppofmg that, by the operation of cleaning, and 
by conflant folution in ufe, the coating (hould laft only five years, then 
the comparative difference between tinned copper and this new manu- 
facture feems to be this. 

The 
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The new manufa6lure is in the firft coft fifty pounds per cent, cheaper 
than copper ; the veflels made of it are lighter, as clean, and, in the 
infide, more elegant in appearance, than any tinned copper ever made. 
The compofition will remain on them five years, during which time 
they will drefs meat, white and delicate. 

The tin on copper, with the fame ufe, will not laft five months, or 
perhaps five weeks. When the compofition is gone from my manu- 
fafture, it will only difcolour the meat; — when the tin is gone from the 
copper, the meat that is drefl!ed in them will poifbn thoie that eat it. 

I now proceed to the fourth and laft: propofed head of confidera- 
lion, viz. 



40T THE ADVANTAGES OF THE ANTl-CORROSION IRON IN APPLICA- 
TION TO ARCHITECTURE, ENGINEERING, MANUFACTURES IN GE- 
NERAL, AND ALL OTHER PURPOSES NOT COMPREHENDED IN THE 
THREE FIRST HEADS. 

« 

THE architeft cannot look at an iron rail, a hinge, a bolt, or a nail, 

without obferving the ravages of ruft^ nor can the engineer obierve 

the iron work of the locks of a canal, or of a wet dock, bridge, &c. 

witliout perceiving the advantages that muft attend the anti-corrdiQa 

in thefe articles. 

AU 
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AH kinds of fhcct-iron that have yet been tried, whether pure iron 
or the tin-plate, are found unequal to the ftrong aftion of the acid of 
fmoke, of water, of oils, and of atmofpheric moifture and air: Inftead 
therefore of fheet-iron, I propofe my plates or fheets of anti-corrofion 
metal. They defy all thefe powers, and, among other purpofes, may be 
advantageoufly applied for iron works of mills, funnels for conveying 
fmoke, plates for covering houfes and doors, and as a fuccedaneum for 
Hartley's fire-plates, &c. &c. 

The application of them to covering houfes and other buildings is 
confidered to be of the utmoft importance, having in all refpefls a con- 
clufive advantage over every other covering hitherto knowiu 

Lead is a fafe and fecure covering, in as much as it defends the 
building againft the attacks of weather, better than any other hitherto 
publicly known, and there is no great danger of a houfe which is 
covered with it unroofing, by the attacks of violent wind ; and, as it is 
not foluble or capable of being corroded by water or air, it will, as a 
covering, never wear out or decreafe in weight ; on the contrary, it is 
faid that lead will increafe on a building as well as in a mine. It has 
been faid that the lead covering of a church, which had been on fome 
hundreds of years, was heavier when taken off than when put on, as 
appeared by the plumbers bill. Yet there are objeftions to lead, that 
counter-balance all thefe advantages, (particularly milled lead;) it is 
liable to crack by the heat of the fun; its ponderofity will often diflrefs 

the 
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' the timbers of a roof and the walls of a houfe, and frequently en- 
danger them; and the expence of carriage is immenfe. Copper re- 
moves many of thefe objections, but the very high price of copper 
renders the application of it, to fuch confumptive purpofes, exorbitantly 
expenfive to the individual, as well as very prejudicial to the balance of 
trades and manufaftures, and to the general interefts of the ftate; and 
there is a very fenfible objection to the thing itfelf j from the flightnefs 
of its fubftance, as ufually applied, it is very liable to be cut and brdce 
through by the falling of ftones thrown by boys on it, and other acci- 
dents of that nature, and to admit the rain through the holes. 

Iron plates are in general ufe in Ruffia and in Norway; they have 
alfo been ufed in fbme parts of England, and make a good, light, 
ftrong covering, but they corrode fo faft that they are very fpeedily de- 
ftroyed: Slate and tile are the only coverings (except thatch) in general 
ufe in any part of England : and thefe are liable to the greateft of all 
pofTible objeftions: from the manner in which only they will admit of 
being put on, their weight is exceflive, (the tile in particular) and they 
are fo liable to catch the wind, that a ftormy day or night (hall fre- 
quently unroof a church, and fometimes almoft a whole town; to fay 
nothing of the danger to life and limb, that is conftantly to be appre- 
hended, from fo heavy a fubftance individually giving way, and falling 
in athoufand different diredions from fo great heights; the flatc (efpc- 
cially) fcattering about like fo many wafers. But all objeftions that iron 

plates, and iheet lead, as well as flate and tile, are liable to, arc com- 
pletely 
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plctely obviated by liie anti-corrojion plates. Thefe plates are of milled 
iron, whofe pores are impregnated and filled, and whofe furfaces are 
coated with a compofition, by which all the good qualities of lead and 
iron are preferred, (i. c. the ftrength of the iron, and the incapability of 
corroficm of the lead) while the increafe in weight of the iron by the 
preparaticm is fo fmall as not to be worth mentioning: One hundred 
p(Hinds weight of tiWe"plates will cover as much as one thoufand 
weight rf flate, or fifteen hundred weight of tile, at the firft laying on; 
and the weight of flate and tile is confiderably increafed every year 
after, by thdr abforption of water, contra6ting dirt, and producing 
mofSf by which the roofs are endangered and frequwitly brtAen in. 



The anti-corrofion plates are ufed without any laths or crofs rafter*, 
articles which induce a confiderablc cxpence, and are abfolutely necef- 
fary in tiling and Hating. Thele plates may be had <^ any length 
and breadth that buildn^ choofe, and may be laid on with the utmoA 
fimplicity, thus: 




The 
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The quadrangular fpaces diftiftguifhed between the horizontal lineg 
reprefent the anti corrofion plates, the upper ones overlapping thofe 
below. The perpendicular^ or rather oblique lines, reprefent in per- 
fpeflive the narrow pieces of plate, which cover the joints where the 
plates meet, which joint-covers are nailed to the rafters underneath, by 
anti-corrofion nails driven through both the joint-covers and plates at 
once: and thefe rafters are all the timbers ItaftlPN^ceflary in fuch a 
roof. The joints are all water-tight by the conftrudHon, and a cement;^ 
or (fhould it be preferred) foft folder, may be applied to the edges 
where the plates overlap,*and to the edges of the joint-covers,> that will 
Kkewife render them air-tight: upon the whole, it will be found that 
thefe anti-corrofion plates form the befl, the moft elegant, and the 
cheapeft roof ever yet exhibited. / 



Befides the purpofes already enumerated, this preparation will be found 
important, as well as from its fdvery appearance highly ornamental 
in all iron work about (hipping, in fifh-hooks* for the N^wfoundlaild 
and other fifheries, iron rails, gates, palilkdoes, iron-work about fteam- 
engines, oil cauldrons, jars, hoops for all forts of vats and caiks, iron 
chains of all defcriptions, curtain and ftair-cafe carpet-rods and hooks, 
coach and cart hamefs furniture, fadler's ironmongery in general, bolts^ 



♦ The fifliermen keep their hooks as bright as they can to attraS the eye of the fifli— in 
doing this they confume much labour and time. The anti-corrofion hooks, being always^ 
bright of thcmfclves, will therefore for this fifliery be a valuable article. 

and 
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and hinges for doors, &c. iron works about mills, locks, water-works 
and pipes, iron, brafs and copper wire-work, fkewers, nails, fcrews, 
tacks, tenter-hooks, and all other moveable articles, liable, from any 
caufe, to nift or corrode. 

Our lead mines are at prefent of little or no value, unlefs the ore be 
ftrongly impregnated with filver; and lead (except for culinary veffels 
and articles, in which ornament is as much to be confidered as utility) 
* is a conftituent of the anti-corrolion preparation. The ufe of lead 
therefore, in anti-corrofion, in cafe it fhould get into general ufe, will 
raife the value of that article, and in a great meafure reftore to impor- 
tance a plentiful native produftion of our country, while it will, in its 
application, render iron, another native produdlion, of far more im- 
portance in manufaflure than it is of at prefent. The markets of 
America, Africa, and Afia, where iron is apt to ruft, as foon as the in- 
habitants of thofe parts know the value of the anti-corrofion invention, 
may eafily be expefted to open for the reception of its various produce; 
and our native metals, in this new and happy combination of them, 
may thus become an important new fource of national wealth. 

m 

The prepared iron bolts, nails, and other metallic works for fhip- 
ping, muft be neceflary and important to America from another con- 
iideration: — as the Americans build their (hips of. green timber, the 
vegetable juices fo rapidly corrode mere iron-work, that the bolts and 

X 2 nails 



\ 
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» 

iiails arc foon retluced to ruft, by which their ihips are fpecdily rendered 
dangerous and unierviceable. 

This preparation is fo (lightly foluble in vegetable acids, that it may 
be difficult to fay how long a fhip, built of green cedar, with anti-cor- 
rofion metal works, would lad. 

This would optn a new commerce with various ftates, but particu* 
larly with the Americans; and from America I (hould have fome arti- 
cles to import in rctum> of equal, if not greater importance to Great- 
Britain. 



But this I forbear at preient to enlarge upon, as it is intended for 2 
future traft of my " attempt." 



CONCLUSION. 

THE vaft advantages that muft refult to this country, from a com- 
ete execution of the defigns I have made, cannot but be perceived bf 
cry intelligent reader. I ihall therefore refr^ from goii^into diem 
inutely, but barely remark in general, that I prefume the eftaUiilii* 
ent of ah Anti-corrofi(Hi Manufa6Vory, on a fcale calculated to anfwer 

the 
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the various purpoles to which I have aflerted its applicability, will be 
the means of removing the prelent alarming fcarcity and dearth of cop- 
per; of producing a valuable fuccedaneum for copper (heathing, bolts^ 
nails, and other metallic works in fhip-building ; of preventing the loiles 
of our moft valuable fhips and feamen; of fecuring the purpofes of 
health; of increafmg the value of fome of our mines ; of rendering ircm^ 
tin, and lead, the univerfal articles for purpofes of great confumption, 
both at home and abroad ; of improving, in a great degree, civil as well 
as naval architefbire ; of temperin|^^pd QpreJuSlv balancing our dif- 
ferent metallic trades and manufactures ; and, in fine, of promoting in 
a variety of ways the higheft commercial and political interefts of 
Great-Britain. 

But as the execution of defigns, at once fo extenfive and impor- 
tant as theie> muft unavoidably bafBe individual exerticxi; in order 
to carry them into effect, in the moft acconmiodating and general way> 
«.! ham formed Gompanks tm execute^and carry on the manufacture on 
fuch a fcalc, that fome town, in evigry eligible part of the kingdom, 4hall 
have a warchoufe, ftocked with every neceflary article; from which 
plan the different iea-ports may be expeditioufly fupplied with nails, 
bolts, (heathing, &c. &c.; the inhabitants of all parts of the kingdom 
may, with convenience, exchange their copper, brafs, and pot-metal 
vcflfels, for thofe of the new manufaClujre ; and the whoKfeheme, in all 
its branches, may be at once univerf^ly beneficial to all ranks and claflfes 

of pec^le. 

la 
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In bringing thefe defigns to pcrfeflion, and preparing to publifli 
this account of them, I have been at confiderable . expence as well as 
pains ; I therefore humbly prefume to hope for the refpeftive patronage 
and encouragement of the feveral branches of the Britifh legiflature, 
and of every liberal-minded man among Britons, in my endeavours to 
realize the views I have here attempted to lay open. 



Altliou<?h I am not confcious of having miftated fafts, or drawn 



any inferences 




tbaa 



ijrj^o^^^^ 



fair and obvious, I cannot 



clofe this eflfay, without agaift deprecating the indifference that is too 
commonly and two generally fhewn to projefts and projeftors of all 
kindj efpecially in cafes, which (like the prefent) combine with the 
publick interefts fome very important ones of a private individual. 
-Such, however, are the energies of truth and juftice, that if the views, 
•which I have endeavoured to reprefent, of the many and momentous 
obje6ls of my dpfign, be not abfolutely imaginarv, the ends I have pro-y 

pofed, ^o\}\.'^LjKCtitosi&l9^ 

ift<Jiifc»w£e^Eviga&l)^aetoaq>1 i gnd^/y As a patriot, it is with no fmall 
confolation, that I entertain even this hope of diftant fuccefsto an under- 
taking, that I believe to be pregnant of many effefls aufpicious to my 
native country, while both in my publick and private confideration of 
it, I cannot but wifh fuch a defign immediately followed up by fupe- 
rior attention and countenance #^ # fa >»i>^Mcn do not now live to ante- 
diluvian ages^j— To refcue the aflertors of truth from the dominion of 
ignorance, prejudice, and felfifli partiality; — to corredl the inequalities 

that. 
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that, in the prefent period of human life, are too often found in the 
diftribution of rewards as well as puniftiments j — and, to ^ve what is 
due to either merit or demerit, are among the ■fmmmm^^mtmmmtm^km 

}Hfffft(fftt^ fi^^n^M^' P*^/''*^^Al'f "f*^ C.#Xye.*«**<»-^^ Jt*rt-^f^ .^Ca* 
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January 30th, 1793. 



WILLIAM LANGWORt 
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APPENDIX. 



1 Do not mean to arrogate to myfelf more love for my country than 
I ought to poflefs ; yet, I think it will be doing myfelf no more than 
juftice, to publifh the following certificates of my conduft, fhortly 
before the commencement of the prefent. war between England and 
France. 

* 

CERTIFICATE 

OF 

EVAN NEPEAN, Esq; 

UNDER SECRETARY OF STATE FOR THE HOME DEPARTMENT. 

Home Department. 
Secretary of State's Office ^ Feb. 13, 1794. 

I hereby certify that in December 1792, a gentleman defcribing him- 
felf to be Captain Charles James, and to have returned lately from 
France gave me the following information : 



That Mr. Langworthy, the proprietor of a certain difcovery for 
the prevention of corrofion in Iron, had received, through him, an offer 
from France, of an immediate contraft for the application of his con- 
trivance, to the prefervation of twelve hundred thoufand mufquets and 
bayonets, and feven hundred thoufand pikes j which contrail, he faid, if 

Y fulfilled. 
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fulfilled, would, according to Mr. Lanoworthv's calculation, have 
netted an hundred thoufand pounds fterling; twc* :;• thou find pounds 
to have been immediately paid down in England, rudthe remainder a$ 
the execution of the contraft proceeded : 

That it being rumoured that a war between Great-Britain and 
France was expefled to take place, the objeft and purpofe of the ap- 
plication to me was, to be informed whether the rumour was founded 
on real expeftations of the Britifh Miniftry* or merely popular: 

That in the firft cafe, it was Mr. Langworthy's determined refblu- 
tion, from the pureft motives of patriotifin, to decline the French Mi- 
mifters offer; and that only in the latter cafe, and upon the firmefl 
affu ranee that peace with France was likely to continue, he fhouldcon- 
fider himfelf juftified in accepting it. 

In anfwer to this application of Mr. Langworthy's friend, I in- 
formed him, that, as to the qucftion of peace or war, I could fay no- 
thing to him on the fubje6l; that Mr. Lang worthy was the bed 
judge, how far he could, confiftently with his duty as a Britifh fubjeft, 
throw fuch an advantage as he ftated would be derived from his inven- 
tion, into the hands of France, and that, j)lacing myfelf in his fitu- 
ation, I fhould certainly decline any overture of the nature which had 

been made him by France. 

(Signed) EVAN NEPEAN. 

certificate 
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CERTIFICATE 

OF 

CHARLES JAMES, Esq; 

Captain in the Wejiem Regiment of Middlefex Militia. 

I hereby certify, that on the 2 2d day of November 1792, being at 
Paris, and having with me fome iron articles which had undergone Mr. 
Langworthy's procefs for preventing ruft in that metal, and had been 
prefented to me as a curiofity, I (hewed them to Rabaut De St. 
Etienne, and mentioned to him that the invention was applicable 
to arms. 



This ingenious gentleman immediately requefted my permiflion to 
lay the fpecimens before M. Pache, then Minifter of the War Depart- 
ment, to which I confented, and it was done. 

I was fhortly after defired to write to the Proprietor to know the 
price at which he would prepare twelve hundred thoufand mufquets and 
bayonets, and feven hundred thoufand pikes, arui whether the prepara- 
tion could be ufed for cannon ? 



I returned to England in the latter end of December, to obtain a de- 
finitive anfwer from Mr. Langworthy, relative to two propofals I had 
to make to him. On my return it was rumoured, that a war between 



England 
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England and France could not well be avoided; upon which I went to 
the Secretary of States Office, and fubmitted to Mr. Nepean the par- 
ticulars partly ftated in his certificate; and, in addition to what is there 
fet forth, requeftcd to know whether, in the fituation that affairs were 
then in, there would be any criminality or impropriety (confidering 
myfclf as a Britifh Officer) in my negociating any further, or in Mr. 
Langworthy's (as a Britifh fubje6l) clofmg with the French offers; 
as I was to give an anfwer by that night's poft. 

To which Mr. Nepean replied, that as there was no war between 
England and France then fubfifting, there certainly would be no cri- 
minality, either in my negociating, or in Mr. Langworthy's clofing 
the contraft, or acceding to any propofals made him by the French 
Miniflry on that fubjeft; — that with refpe6l to the war's taking place, 
he could fay nothing on that head, but that were he in my fituation, he 
fliould certainly decline any further negociation with France; that with 
refpeft to Mr. Langworthy, he was the befl judge how far he was 
juftified, as a Britifli fubjeft; in throwing fuch advantages into the 
hands of France, as his contrivances were calculated to effe6l; and that 
were he (Mr.NEPEAN) in Mr. Langworthy's fituation, he fhould cer- 
tainly reje6l any overture from France, of the nature which had been 
made him by the Miniftry of that country. 

I communicated to Mr. Langworthy the purport of what Mr. 
Nepean had faid, and informed him at the fame time, that I fhould 

from 
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from henceforth renounce all correfpondencc with France, and that 
after confidering of the great wealth he might acquire, on the one 
hand, and the fubftance of Mr. Nepean's opinion on the other, he 
might a6l with the French mifiiftry as he pleafed. 

Mr. Langworthy, rather than give an advantage to a nation likely 
to become an enemy to his country, inftantly facrificed, with the greateft 
chearfulnefs,.the many and v^ft emoluments which mufl: have accrued 
to him, had he accepted either of the two propofals offered him by the 
French; one of which, I am now at liberty to fay, was a fpecific fum 
to be paid to Mr. Langworthy in England, for the full communi- 
cation of the fecret; and the other was, that he fhould be paid for 
the preparation of the quantity of ^rms before mentioned, as dated in 
Mr. Nepean's certificate, for which he fhould himfelf fuperintend a 
manufa6lory to be ere6ted for the purpofe in the neighbourhood of 
Paris, and at the expence of France. 

By the poft fubfcquent to thcfe converfations with Mr. Nepean and 
Mr. Langworthy, I wrote to M, Rabaut De St. Etienne, that 
from the fituation of things in England, I could no longer negociate ' 
with France; and that my friend, the proprietor of the preparation in 
queftion, from the fame caufe, declined to accept- both the offers made 
to him, through me, by the French minifliy. 

(Signed) CHARLES JAMES, 



Gofport, Head ^arters^ 
Feb. iStb, 1794. 



Captain W. M. M. 
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Copy of a letter from Captain James, inclofng the above Certificate. 
To William Langworthy, efq; Effex-ftreet, London. 

Dear Sir, 

I take the earlieft moment to tranfmit to you the certificate you re- 
queft to have, relative to the contra6l which I had negotiated in Paris. 



The fudden change of affairs in that capital, and the likelihood of 
the rupture, which has fince taken place, between the Englifli and 
French nations, having induced you to rejeft the offers of the French 
Miniflry, at the time I declined any further negociation with them, I 

fincerely hope you may be able to convince the Government of this 
country, that what appeared highly beneficial to our neighbours on 
this fubje6V, is equally advantageous to ourfelves. I am free to confefs, 
for my part, that nothing has ever flruck me more forcibly than the 
neceflity of fome preparation to preferve fire-arms, &c. from corrofion 
in this ifland. The moft trifling expofure to free air, efpecially upon 
the coaft, defeats every effort of the foldier to keep his mufquet in pro- 
per condition; and, fliould the pike be adopted amongft us, which it 
may probably be, I do not conceive it poflible for any thing to be fo 
immediately neceffaiy as your metallic compofition. If it can be ufed, 
(as I was very properly afked by Rabaut De St. Etienne) for the 
prefervation of the mofl material points in gunnery, namely the infidc 
and touch-hole of a cannon, the fecret will be additionally valuable. 

At 
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At all events, I think it cannot fail of attrafting the notice of the 
Miniftcr; for however I may have differed from him in fome political 
points, in the management of internal concerns or external operations, 
I have too great an opinion of his commercial talents and patriotifm, to 
believe he will fuffer fo advantageous a difcovery to lie neglefted in this 
country, (efpecially at a crifis when it is of fo much national impor- 
tance as at the prefent) on your laying before him a ftate of it in the 
way you have mentioned to me. 

I am extremely happy that you are in poffeflion of Mr. Nepean's 
certificate, as it will corroborate my own, and not only promote your 
views, but contribute perhaps to a removal of fome prejudice, which 
has exifted againft me, from a mifunderftanding of the freedom with 
which I have both fpoken and written my fentiments on French affairs. 
To defcribe the ftate of the publick mind in hours of commotion, is 
not to recommend the horrors that are too frequently confequent on 
them, but to ere6l a beacon for the prevention of fimilar calamities. 
From principles of this fort I endeavour to be ufeful; if they are per- 
verted it is not my fault. 

" Nullius addiftus jurare in verba magiftri, 

^^ Quo me cunque rapit tempeflas,tMMtharhofpes. 

Yours, faithfully. 

Go/port, Head garters, CHARLES JAMES. 

Feb. iStby 1794. 
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To thefe certificates I fliall only add, that, at the time I rejefted the 
offers of France, ftated by Mr. Nepean and Captain James, by which 
I Ihould have netted at leaft one hundred thoufand pounds, I had re- 
cently met with fuch difappointments from the failure of fome mer- 
chants in London with whom I was connefted, that, from an apparent 
ftate of confiderable (Jpulence, I was reduced to almoft abfolute want. 



Feb. 2 2d, 1794^ 



W. L. 
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